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LETTER  OF  TRANSMITTAL 


Department  of  the  Interior, 
United  States  Geological  Sitevey, 

Division  of  Hydrography, 

Washingtonj  July  6*,  189S. 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
Irrigation  near  Fresno,  California,  by  Mr.  0.  E.  Grunsky,  and  to  recom- 
meud  that  it  be  published  as  one  of  the  series  of  pamphlets  on  Water 
Supply  and  Irrigation.  This  is  the  second  of  three  papers  relating  to 
irrigation  in  San  Joaquin  Valley,  the  other  two  being  Nos.  17  and  19 
of  the  series.  It  relates  mainly  to  the  irrigation  systems  deriving  their 
water  supply  from  Kaweah  and  Kings  rivers,  and  covering  the  agri- 
cultural lands  on  the  east  side  of  San  Joaf|uin  Valley,  between  Visalia 
aud  Fresno. 

Very  respectfully, 

F.  H.  Newell, 
Hiidrographer  in  Charge, 
lion.  Charles  D.  Walcott, 

Director  United  States  Geological  tSurvey, 
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IRRIGATION  NEAR  FRESNO,  CALIFORNIA/ 


By  C.  E.  Grunsky. 


KAWEAH  RIVER. 
HYDROGRAPHY. 

Kaweah  River  enters  San  Joaqain  Valley  from  the  east,  passing 
between  Dillons  Point  on  tbe  north  end  and  Watchumna  Ilill  on  the 
■oath,  about  15  miles  east  of  Visalia.    Its  drainage  basin  above  that 
l^int  has  an  area  of  619  sqaare  miles,  mostly  low  mountain  country. 
fEhe river  has  a  perennial  flow,  but  its  flow  is  comparatively  small  at  low 
.  stages,  ordinarily  about  30  second-feet.    The  low-water  period  usually 
!  begins  in  August  and  continues  through  January.    The  river  is  sub- 
Jeet  to  freshets  in  the  winter  months,  and  is  at  its  highest  stages  in 
'  April,  May,  and  June.    Medium  stages  are  expected  throughout  Feb- 
Toary,  March,  and  July.    The  monthly  mean  flow  at  the  river's  highest 
Btaige  exceeds  4,()00  second-feet.^ 
^      Before  the  freshets  of  1861-62,  which  have  become  memorable,  the 
[   river  annually  overflowed  large  areas  in  its  course  across  the  east-side 
valley  plain,  and  numerous  high-water  channels  carried  its  waters 
toward  Tulare  Lake.    The  portion  of  its  overflowed  district  to  the  east 
of  or  above  Visalia  is  generally  referred  to  as  Visalia  Swamp.    Four  of 
the  river  channels — Elbow  Creek,  Visalia  or  Mill  (heek,  Packwood 
Creek,  and  Deep  Creek — gave  the  name  of  *' Four  Creek  Country"  to 
the  vicinity  of  Visalia.    The  channel  at  the  northern  edge  of  the  over- 
flowed land  was  known  as  Canoe  Creek  above  Iron  Mountain,  and  as 
Elbow  Creek  below  that  point.    The  course  of  Elbow  Creek  is  north 
of  west  to  a  junction  with  Cottonwood  Creek,  a  small  water  course 
from  tbe  northeast,  thence  southwesterly  to  a  reunion  with  Kaweah 
Kiver  water  in  Cross  Creek,  which  name  is  given  to  the  lower  portion 


'For an  acoouDt  of  irrigation  in  other  parts  of  San  Joaquin  Valley,  se«'  Wat«'r-Sui)i)ly  and  Irriga- 
™»  Ptpen*  Noa.  17  and  19.  These  three  papers  are  based  largely  upon  iiiforumlion  collected  by  the 
^**t«  engineering  deiuutment  of  California  ten  years  aj;o,  and  are  intend,  il  to  sujuilenn-nt  the  two 
^<>liim(«  inxned  by  tliat  department,  namely:  Irrigation  Dovfloj)ment,  lli.slory,  rustonm,  Laws,  etc., 
^  FiWce,  Italy,  and  Spain,  by  Wm.  Ham.  Hall,  C.  E,.  State  EnRiuerr.  Sacrauun  to,  ( 'alifornia,  188C :  and 
^gation  in  California  (Soathem),  Part  2  of  Keport  of  AVm.  Uani.  Hall,  C  E..  State  Engineer  of  Cali- 
fonii».i88g     (See  intrt>ductory  paragraph  on  pnge  13  of  Water-Supi>ly  and  Irrigation  I*aper  No.  17.) 

^Phjiieal  Data  and  Statistics,  Wm.  Hnm.  Hall,  State  p:ngincer  of  California,  py  ^^*  ^"^* 
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of  St.  Johns  CliauDel  of  the  river.  Deep  Creek  was  the  principal 
south  marginal  stream.  It  received  water  from  the  main  channel  of 
the  river  8  miles  east  of  Visalia  and  lost  its  identity  about  §  miles 
southeast  <Jf  Visalia,  where  its  waters  spread  and  were  received  into 
other  channels  of  different  names.  Visalia  Creek  and  Packwood 
Creek  were  the  names  given  to  the  two  water  courses  into  which  the 
main  channel  of  Kaweah  Hiver  separated  5  miles  above  Visalia.  The 
course  of  Visalia  Creek  was  westerly  through  Visalia,  that  of  Pack- 
wood  Creek  southwesterly.  To  understand  the  changes  made  in  the 
system  of  principal  channels  of  the  river  by  the  high  waters  of  186^ 
and  the  effects  of  these  changes,  it  is  necessary  to  know  that,  even 
preceding  that  year,  irrigation  and  drainage  work  had  been  done  in. 
the  Kaweah  River  delta.  The  Shipp  Cut  had  been  made  in  1854.  It 
was  a  small  drain  ditch  from  the  swamp,  near  where  Eocky  Ford  now 
is,  southwesterly  to  a  connection  with  Canoe  Creek.  A  canal  had 
been  constructed  from  Visalia  Creek  into  Visalia  to  supply  power  to  a 
flour  mill.  The  Lander  Ditch,  the  Watson  Ditijh,  and  a  number  of 
other  small  ditches  from  Visalia  and  Packwood  creeks  had  also  become 
dependent  upon  the  flow  of  water  in  the  river  channels  at  the  south  of 
Visalia.  The  freshets  of  1861-62  cut  a  new  channel  from  a  point  on 
Kaweah  River  about  14  miles  east  of  Visalia  in  a  northwesterly  direc- 
tion toward  and  along  the  northern  border  of  Kaweah  River  Swamp. 
Shipp  Cut  and  a  section  of  Canoe  Creek  were  enlarged  by  the  flood 
waters  and  became  a  part  of  this  new  channel,  and  Anally  a  connec- 
tion was  established  with  the  Cross  Creek  chancel  below  Visalia,  and 
thus  St.  Johns  Channel  of  Kaweah  River  was  permanently  estab- 
lished. At  the  same  time  a  new  high-water  channel  was  washed  out 
toward  the  northeast  from  a  point  on  Kaweah  River  6  miles  above 
Visalia  to  a  connection  with  this  new  channel.  This  is  known  as  Sand 
Slough,  which  still  remains  as  a  connection  between  the  two  river 
channels  at  a  point  where  they  are  only  about  one-half  mile  apart. 
The  same  high  waters  caused  so  much  erosion  in  Landers  Ditch  that 
it  became  a  branch  of  the  river,  and  is  generally  referred  to  as  Landers 
Slough.  Its  upper  portion  was  long  in  use  as  the  channel  through 
which  the  Consolidated  Peoples  Ditch  received  its  water. 

Tlie  upper  sections  of  the  original  main  channel  of  Kaweah  River 
were  obstructed  by  the  drift  and  silt  deposits  of  these  freshets,  and  as  the 
low- water  period  of  1862  approached,  it  was  found  that  water  was  scarce 
for  those  depending  upon  Deep  Creek,  Packwood  Creek,  and  Visalia 
Creek  for  their  supply,  and  many  projects  were  proposed  for  relief. 
During  the  years  immediately  following,  a  number  of  ditches  were  con- 
structed from  the  St.  Johns  Channel  of  the  river,  near  Rocky  Ford, 
southwesterly  to  the  original  main  channel.  Such  were  Longs  Canal, 
Ketchum  Canal,  and  the  Bostwick  Cut.  All  of  these  were  intended 
to  increase  the  flow  in  tlie  delta  streams  at  and  southward  of  Visalia. 
After  much  contention  between  settlers  on  these  several  streams  as  to 
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the  apportionment  of  their  scant  supply  of  water,  it  was  agreed,  in  1867, 

that  a  gate  should  be  constmcted  in  the  head  of  Yisalia  Creek.    This 

gste  was  not,  however,  maintained  long.    The  freshets  of  1807-68  were 

almost  equal  to  those  of  1861-62  and  effected  further  enlargement  of 

the  St.  Johns  Channel.    They  refilled  and  otherwise  destroyed  some 

of  the  ditches  that  had  been  opened  as  connections  between  the  two 

rivers.     They  washed  out  the  gate  in  the  head  of  Yisalia  Creek,  and 

partially  closed  the  heads  of  Pack  wood  and  Deep  creeks.    They  enlarged 

Sand  Slough.    At  the  same  time  the  upper  portions  of  the  old  channel 

of  Kaweah  River  were  further  obstructed  by  drift  and  silt,  and  a  new 

lieadof  St.  Johns  Channel  was  eroded  about  a  mile  above  the  former 

point  of  separation  of  the  two  channels. 

To  overcome  the  increased  difficulties  of  keeping  a  good  supply  of 
water  in  those  channels  of  the  river  reaching  the  vicinity  of  Visalia, 
many  ineffectual  efforts  were  made  and  much  money  was  almost  use- 
lessly expended  until,  in  1877,  a  contract  was  entered  into  with  Mr. 
Samuel  Fowler  by  the  Kaweah.  Canal  and  Irrigation  Company,  the  Con- 
solidated Peoples  Ditch  Company  being  an  interested  party,  to  open 
the  old  channel  of  the  river.  The  cut  then  made,  practically  following 
the  old  channel,  was  enlarged  and  deepened  by  erosion,  until  a  few 
years  thereafter  it  was  again  the  low-water  channel  of  Kaweah  liiver. 
Another  obstructed  section  of  the  old  channel  near  the  head  of  the 
Consolidated  Peoples  Ditch,  about  10  miles  east  of  Visalia,  was  improved 
about  the  same  time  by  the  Kaweah  and  Mill  Creek  Water  Comi)any, 
and  has  since  been  known  as  the  Yisalia  Cut  or  Hamilton  Cut. 

The  obstructed  head  of  Packwood  Creek  was  improved  by  the  Ivocky 
Ford  Canal  Company,  but  was  not  in  service  long.  This  creek  now 
receives  its  principal  supply  of  water  through  the  Bacon  c^  Crossmore 
Cut  from  Yisalia  Creek.  It  has  a  southwesterly  course,  and  such  of  its 
water  as  is  not  used  for  irrigation  is  delivered  into  Tulare  Lake. 

Cross  Creek  has  already  been  mentioned  as  receiving  the  water  of  St. 
Johns  Channel,  Elbow  Creek,  and  Cottonwood  Creek.  After  approach- 
ing within  4  miles  of  Traver  its  course  becomes  southwesterly  to  a  union 
with  some  of  the  old  high-water  delta  channels  of  Kings  liiver.  Its 
coarse  is  thence  southerly  along  the  eastern  border  of  this  delta  to 
Tnlare  Lake,  which  receives  its  water. 

Visalia  or  Mill  Creek  separates  into  two  channels  soon  after  ])assing 
through  Visalia.  The  course  of  one  of  these  is  a  little  north  of  west, 
that  of  the  other  southwest.  Both  unite  with  Cross  Creek  before  reach- 
ing Tulare  Lake. 

Cameron  Creek  is  one  of  the  lesser  delta  channels  of  Kaweah  lliver. 
It  receives  a  portion  of  the  flow  of  Deep  Creek  at  a  point  about  <>  miles 
due  east  from  Yisalia,  and  has  a  southwesterly  course  to  Tulare  Lake. 
It  passes  just  to  the  northward  of  Tulare.  An  artificial  channel  at  the 
head  of  this  water  way,  constructed  to  improve  its  connection  with  Deep 
Greek,  was  closed  by  an  order  of  court  some  years  ago. 
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Deep  Creek  has  already  been  mentioued.  Its  waters  at  the  spread  or  ' 
sink  of  the  creek  were  condacted  by  small  artificial  channels  into  Low« 
Deep  Greek  and  Bates  Slough.  These  artificial  channels  were  soon  ho 
enlarged  by  erosion  that  the  two  lower  sloughs  have  become  extensions 
of  the  Deep  Greek  channel  and  conduct  its  waters  onward  southwesterly 
toward  Tulare  Lake. 

Outside  Greek  has  a  course  along  the  eastern  margin  of  the  Kaweah 
delta.  The  creek  can  not  be  traced  to  a  direct  connection  with  the 
present  river  channels.  It  may,  in  fact,  be  regarded  as  the  extension 
into  the  river  delta  of  Yokohl  Creek,  a  small  stream  draining  a  portion 
of  the  foothill  section  intermediate  between  the  Kaweali  Kiver  and  Tule 
Eiver  drainage  basins;  but  in  times  of  flood  the  natural  flow  of  some 
of  the  river  water  was  into  depressions,  reaching  a  point  that  may  be 
regarded  as  the  head  of  Outside  Greek,  about  0  miles  east  of  Yisalia. 
The  creek  now  receives  an  occasional  infiow  of  foothill  drainage  waters 
from  the  east  and  the  waste  water  from  some  of  the  branches  of  the 
Consolidated  Peoples  Ditch.  The  water  of  Outside  Greek  is  distributed 
to  a  number  of  channels,  the  most  southerly  of  which  is  Elk  Bayou, 
which  unites  southeast  of  Tulare  with  the  old  channel  of  Tule  River, 
and  thence  has  a  southwesterly  course  to  a  union  with  the  present  main 
channel  of  Tule  River. 

CANALS  AND  DITCHES. 

Wutchumna  Oanal. — This  is  the  upper  north-side  diversion  of  water 
from  Kaweah  River.  The  head  of  the  canal  is  at  the  base  of  the  slope 
of  Dillons  Point,  a  foothill  spur  rising  to  the  northward.  Thence  it 
has  a  westerly  course  for  4  miles  to  a  flat  depression,  which  its  water 
converts  into  a  lake  of  about  40  acres,  known  as  Bravo  Lake.  Leaving 
Lake  Bravo,  the  westerly  course  of  the  canal  is  maintained  4  miles 
farther  to  the  northern  base  of  Iron  Mountain,  and  thence  6  miles  south- 
westerly to  St.  Johns  Channel,  about  4  miles  above  Visalia,  where  its 
water  is  carried  over  the  river  channel  in  a  flume.  The  main  canal 
then  flows  westerly  near  the  south  bank  of  the  river  about  2  miles  to 
a  junction  with  Old  or  Lower  Wutchumna  Ditch,  whose  branches 
extend  far  to  the  west  of  Yisalia. 

The  Wutchumna  Water  Company  was  incorporated  in  1872  for  the 
avowed  purpose  of  effecting  a  better  distribution  of  water  to  the  sev- 
eral ditches  dependent  upon  Kaweah  River  for  their  supply,  but  various 
difficulties  were  encountered  which  prevented  the  enterprise  from  meet- 
ing with  anticipated  success,  and  it  was  not  until  1880  that  a  connec- 
tion between  the  upper  diversion — work  on  which  is  reported  to  have 
commenced  in  1872 — and  the  distributing  system  of  the  lower  canal 
was  finally  established.  The  lower  canal  was  constructed  in  1873  or 
1874.  Its  head  is  on  the  south  side  of  the  St.  Johns  Channel  of 
Kaweah  River,  about  3  miles  northeast  from  Visalia.  It  established  a 
direct  southerly  connection  between  St.  Johns  River  and  Visalia  Creek, 
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and  for  three  years  its  water  fiirnished  power  for  the  flour  mill  iu 
Visalia.  The  principal  branch  of  the  Ix)wer  Watchamna  Canal  has  a 
westerly  coarse,  passing  just  to  the  north  of  Visalia  and  terminating 
at  a  i>oint  about  4  miles  south  from  Goshen. 

The  first  work  at  the  head  of  the  Wutchamua  Canal  seems  to  have 
been  done  by  Stephen  Barton,  who  subsequently  appears  as  one  of  the 
directors  in  the  Pioneer  Canal  Company,  which  was  incorporated  in 
1877,  aud  which  during  that  season  constructed  a  ditch  on  the  line 
adopted  by  the  Wutclmmna  Canal  as  far  as  Bravo  Lake.  WLen  the 
Wntcbumna  Canal  Company,  as  successor  of  the  Pioneer  Company, 
assumed  control,  this  upx>er  ditch  was  extended  along  the  route  already 
described. 

The  canal  head  gate  or  regulator  has  been  ])laced  in  a  rock  cut,  and, 
as  a  result  of  this  location  of  the  head  of  the  canal,  expenditures  of 
maintenance  became  unusually  heavy  when,  a  few  years  after  the 
canal  came  into  use,  it  became  necessary  to  cut  the  upper  section  of 
the  canal  4  feet  deeper. 
This  was  done  at  a  cost 
of  $6,000.     The  total 
cost  of  canal  construc- 
tion has  probably  ex- 
ceeded $60,000.    The 
head  gate  width  is  20 
feet,  and  this  may  be 
regarded  as  the  aver- 
age bed  width  of  the 
canal  throughout  its 
principal  section.    Its 
fall  is  reported  to  be 
nearly  7  feet  to  the  mile 
for4  miles,  thence  2^  feet  to  the  mile.  The  flume  across  St.  Johns  Kiver  is 
14feet  wide,2  feet  deep,  and  about  150  feet  long.  It  was  built  iu  1880.  The 
head  gate  of  the  Lower  Wutchumua  Canal  is  ii  little  over  11  feet  wide. 
For  a  distance  of  about  4  miles  westward  from  Lake  Bravo  the(;anal 
follows  the  original  alignment  of  the  Curtis  &  Lindsey  Ditch.    This 
ditch  was  enlarged,  and  its  owners  were  granted  a  right  to  use  that  sec- 
tion of  the  Wutchumua  Canal. 

The  canal  is  owned  by  an  incorporated  company  whose  shares  are  all 
in  the  hands  of  about  thirty  persons.  All  canal  expenses  are  met  by 
assessment  of  the  stockholders.  Each  stockholder  is  entitled  to  a  pro- 
portional part  of  the  water  in  the  canal,  and  he  may  dispose  of  this  at 
his  pleasure.  He  may  lease  this  to  whom  he  pleases,  but  not  in  less 
amounts  than  full  shares.  The  distribution  of  water  is  iu  charge  of  a 
canal  superintendent,  who  apportions  it  to  the  various  distributing 
ditches  in  proportion  to  the  number  of  shares  represented  iu  each. 
Although  the  company  owns  some  of  the  shares  of  stock,  these  are  uot 
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for  sale,  uor  will  the  company  lease  tliem  or  the  water  which  they  repre- 
sent. By  retaining  these  the  company  increases  the  proportional  part 
of  water  represented  by  each  of  the  other  shares.  The  canal  company 
bears  the  expense  of  the  necessary  structures  at  the  heads  of  distrib- 
uting ditches,  but  does  not  keep  them  in  repair  or  replace  them  if 
destroyed.  This  has  to  be  done  under  direction  of  the  canal  superin- 
tendent by  the  parties  directly  interested  in  their  maintenance. 

Curtis  &  Lindsey  Ditch, — This  ditch  has  its  head  on  the  north  side  of 
St.  Johns  Eiver,  4  miles  below  the  head  of  the  Wutchumna  Canal.  It 
has  a  northwesterly  course  for  one-half  mile  to  a  connection  with  the 
Wutchumna  Canal,  into  which  it  drops  its  water.  Four  miles  below 
this  point  the  water  dropped  into  the  Wutchumna  Canal  is  again  taken 
out  by  a  ditch  4  miles  long  having  a  northwesterly  course  and  termi- 
nating on  the  bottom  lands  of  Cottonwood  Creek.  The  Curtis  &  Lind 
sey  Ditch  was  constructed  in  1876,  and  its  extension  toward  Cotton- 
wood Creek  was  made  in  the  following  year.  Soon  afterwards  4  miles 
of  its  course  were  adopted  as  the  alignment  for  the  Wutchumna  Canal, 
so  that  the  ditch  now  appears  in  two  sections,  of  which  the  lower  one 
may  also  be  considered  a  branch  of  the  Wutchumna  Canal.  The  ditch 
is  also  known  as  the  Curtis,  Lindsey  &  MofQtt  Ditch.  Its  width  was 
about  10  feet  on  the  bottom,  and  its  fall  between  2  and  3  feet  to  the 
mile,  but,  so  far  as  known,  the  extent  of  irrigation  from  it  has  not 
exceeded  several  hundred  acres. 

Venice  Ditch. — This,  called  also  North  Side  Kocky  Ford  Ditch,  is  a 
small  north- side  ditch  which  seems  to  have  been  first  used  about  1873. 
It  was  extended  and  enlarged  somewhat  in  1877.  Its  head  is  at  Rocky 
Ford.  It  has  a  westerly  course  to  Iron  Mountain,  thence  skirts  the 
eastern  and  southern  base  of  this  mountain,  and  terminates  2  miles 
farther  west.  It  is  about  6  miles  long  and  3  to  8  feet  wide.  Ownership 
in  the  ditch  is  represented  by  shares  held  by  the  farmers  who  use  its 
water. 

Mbow  Ditch  2fo.  1. — ^The  flow  of  Elbow  Creek,  which  leaves  St.  Johns 
Eiver  at  a  point  about  5  miles  above  Yisalia,  is  controlled,  in  a  measure 
at  least,  by  a  regulator  or  head  gate  8  feet  wide,  and  is  frequently 
referred  to  as  Elbow  Ditch  No.  1.  The  upper  part  of  the  creek  is  an 
enlargement  by  erosion  of  a  portion  of  the  ditch  known  as  Shipps  Cut, 
which  was  constructed  in  1854. 

Matthew  Ditch^  or  Elbow  Ditch  No.  2. — This  is  a  small  ditch  having 
its  head  on  the  north  side  of  St.  Johns  River,  about  2  miles  below  the 
•  head  of  Elbow  Creek.  It  was  constructed  in  1855,  but  with  a  some- 
what dift'erent  alignment  from  the  present.  The  freshets  of  1861-62 
so  changed  tlie  position  and  character  of  Kaweah  River  that  the  head 
of  the  ditch  had  to  be  carried  upstream.  It  is  difficult  to  determine 
whether  the  ditch  remained  in  continuous  use.  The  head  gate  was 
put  into  the  new  ditch  in  1875  and  was  set  somewhat  lower  than 
the  bed  of  the  river.    A  few  years  later  erosion  \\ad  \>Toigt^^%^  in 
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the  river  channel  to  such  extent  that  a  wing  dam  had  to  be  used  to 
divert  water  into  the  ditch.  The  ditch  has  a  northwesterly  course,  is 
aboat  6  miles  long,  G  feet  wide  on  the  bottom,  carries  water  about  1^ 
feet  deep,  and  has  a  grade  of  about  6  feet  to  the  mile.  It  irrigates 
between  200  and  300  acres,  of  which  nearly  one-half  is  alfalfa. 

Curtis  Ditch. — About  1879  there  was  a  small  ditch  in  use  occasionally 
for  the  irrigation  of  a  few  acres  of  alfalfa  on  the  north  side  of  St.  Johns 

Biver  about  a  mile  below  the  head  of  the  Matthew  Ditch.    It  was 

known  as  the  Curtis  Ditch,  and  has  fallen  into  disuse. 
Weston  Bitch. — Another  abandoned  small  ditch  which  was  in  use 

for  a  few  seasons  prior  to  1880  on  the  north  side  of  the  river,  about  a 

mile  above  the  head  of  the  Uphill  Ditch,  was  the  Weston  Ditch. 
Uphill  Ditch. — ^This  is  another  north-side  ditch.    Its  head  is  half  a 

mile  above  the  road  leading  northward  from  Visalia.     Diversion  is 

made  from  the  river  without  the  use  of  any  permanent  weir.    The 

diverted  water  is  led  in  a  cut 

a  few  hundred  yards  north- 
westerly and  is  dropped  into 

a  natural  depression  or 

high-water  channel,  in  which 

it  continues  on   the   same 

course  half  a  mile.    Thence 

it  is   taken  in   the   ditch 

Iffoper   northerly    about  3 

miles  to  the  place  of  use  in 

the  vicinity  of  Elbow  Creek. 

The  head  gate  is  8  feet  wide. 

It  is  in  the  form  of  a  box  cul- 
vert, and  bears  a  heavy  fill 
of  sand  on  top,  intended  to 

give  it  stability.  The  sand  deposits  in  the  cut  to  the  river  above  the 
head  gate  have  made  it  somewhat  expensive  to  keep  the  head  of  the 
ditch  open.  The  ditch  was  coustructed  in  1871.  It  was  made  8  feet 
wide  on  the  bottom,  and  was  intended  to  carry  water  2  feet  deep.  Its 
fUl  is  20  inches  to  the  mile. 

Settlers  Ditch. — ^This  is  a  canal  which  for  many  years  was  of  consid- 
erable importance  as  a  source  of  water  supply  for  lands  in  the  eastern 
part  of  the  Kings  River  delta.  The  canal  receives  water  throagh  a 
branch  of  Cross  Creek.  The  canal  regulator  is  on  the  north  side  of 
that  creek  3  miles  south  of  Traver.  The  creek  channel,  there  tapped 
by  the  canal,  is  really  the  extension  of  Cottonwood  and  Elbow  creeks, 
but  most  of  its  flow  comes  through  a  cut,  the  real  heiul  of  Settlers 
Ditch,  a  quarter  of  a  mile  long,  leading  from  the  main  channel  of  Cross 
Creek  to  its  northern  branch,  at  a  point  about  4  miles  above  the  Set- 
tlers Oanal  head  gate.  Where  the  canal  is  finally  diverted  from  Cross 
Creek  a  light  timber  weir  or  waste  gate  has  been  placed  accost  U\e> 
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creek  channel.  The  canal  regalator  is  nearly  half  a  mile  below  the 
point  where  the  canal  leaves  the  natnral  channel.  The  head  gate  is  32 
feet  wide.  It  has  eight  openings,  each  3  feet  G  inches  wide  in  the  clear. 
The  gates  closing  these  openings  are  provided  with  stems  to  which 
power  is  applied  by  means  of  levers. 

The  canal  proper  has  a  bed  width  at  and  near  its  head  of  32  feet,  and 
can  carry  water  2^  feet  deep.  It  has  9  inches  fall  to  the  mile,  and  a 
capacity  of  76  to  80  second-feet.  The  width  of  the  canal  is  reduced 
within  3  miles  of  its  head  gate  to  24  feet  on  the  bottom,  and  its  fall  to 
6  inches  to  the  mile.  Its  course  is  a  little  south  of  west  for  5  miles  to 
a  point  where  its  water  is  divided,  being  carried  thence  southerly  in 
two  channels,  of  which  the  easterly  branch  is  about  4^  miles  long,  and 
the  westerly  about  7  miles.  The  ditch  commands  a  territory  of  about 
8,000  acres,  of  which  as  much  as  5,000  acres  have  been  benefited  by  its 
water  in  a  single  season.  The  canal  construction  commenced  in  1874, 
and  considerable  land  was  irrigated  in  1876.  Water  was  available  only 
during  the  high  stages  of  Kaweah  liiver. 

There  was  but  little  irrigation  with  water  from  this  canal  at  any  time 
to  the  east  of  the  Kings  River  delta  lands,  soils  being  too  alkaline  to 
encourage  cultivation.  The  extent  to  which  this  canal  is  now  in  use  is 
somewhat  problematical,  as  all  the  rights  to  water  which  it  was  sup- 
posed to  have  acquired  were  sold  to  the  Tulare  irrigation  district, 
which  has  made  a  diversion  from  the  St.  Johns  Eiver  about  one-half 
mile  below  Eocky  Ford.  The  canal  is  still  in  service,  and  does  not 
appear  to  have  suffered  great  diminution  in  its  supply  of  water  during 
the  high- water  stage  of  the  river.  The  Settlers  Ditch  Company,  which 
built  the  Settlers  Canal  at  a  first  cost  of  approximately  $35,000,  was 
incorporated  in  1874  with  a  capital  stock  of  $10,000,  in  50  shares  of 
$200  each.  These  were  held,  at  the  time  of  the  sale  of  the  canal  water 
rights,  by  about  50  persons. 

All  expenses  of  construction,  repairs,  maintenance,  and  management 
have  been  met  by  assessing  the  stockholders.  Each  share  of  stock 
entitles  its  holder  to  a  proportional  part  of  the  water  in  the  canaL 
Water  is  apportioned  to  each  branch  and  to  each  distributing  canal  in 
proportion  to  the  number  of  shares  for  which  each  draws  water.  No 
water  is  sold  by  the  canal  compauy,  nor  does  the  company  lease  any  of 
the  several  shares  which  have  reverted  to  it.  Each  stockholder,  how- 
ever, is  permitted  to  lease  his  water  to  other  persons,  and  can  have  it 
delivered  to  any  point  of  the  main  canal  or  its  branches  which  he 
selects.  Water  is  delivered  to  irrigjitors  through  gates  of  various 
forms,  generally  under  pressure.  Its  equitable  distribution  depends 
to  a  great  extent  on  the  judguient  of  the  superintendent.  Each  share 
of  water  is  supposed  to  be  sufficient  to  irrigate  160  acres.  The  cost 
of  water  to  the  irrigators  has  averaged  about  70  cents  per  acre  per 
annum. 

Lakeside  Dit^h. — This  is  auother  important  diversion  from  the  lower 
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purtiou  of  Cross  Creek«    The  head  of  this  canal  is  4  miles  below  the 
head  gate  of  the  Settlers  Canal,  and  6  miles  west  from  Goshen.    The 
diversion  from  the  natural  creek  channel  is  accomplished,  as  in  the 
ease  of  the  Settlers  Canal,  by  means  of  a  weir  or  waste  gate  placed  in 
the  creek  channel  below  the  head  of  the  canal,  and  a  regulator  or 
head  gate  in  the  latter  about  one-half  mile  below  its  head.    The  weir 
is  a  light  timber  structure  arranged  as  a  series  of  gates.    It  has  a  total 
width  of  41  feet.    Its  nine  openings  between  vertical  posts  are  each  4 
feet  wide  in  the  clear.    The  canal  head  gate  has  a  width  of  31  feet. 
The  space  between  side  walls  is  divided  by  vertical  posts  into  six  oi>en- 
ings,  each  about  4^  feet  wide  in  the  clear.    These  openings  or  spaces 
between  posts  are  closed  with  vertically  sliding  gates,  to  the  stems  of 
which  power  is  applied  by  means  of  levers.    The  canal  has  a  south- 
westerly course  from 
its  head  for  about  3 
miles.    In  this  dis- 
tauce   it  has   a   bed 
width  of  30  feet  and  a 
M  of  6  inches  to  the 
mile.    It   can  carry 
water   about  3  feet 
deep.     Its    branches 
extend    in    southerly 
and  southwesterly  di- 
lections  to  the  vicinity 
of  Tulare  Lake.    The 
main  canal  and  prin- 
cipal  branches    have 
an  aggregate  length 
of  about  50  miles  and 
command  about  20,000 
acres   of    land.    The 

cultures  on  at  least  as  much  as  one-half  of  this  area  may  be  considered 
to  have  been  benefited  by  irrigation  from  this  canal  in  a  single  season. 
The  canal  was  constructed  in  1874  and  the  years  immediately  following, 
at  a  total  first  cost  of  about  $35,000. 

The  canal  is  owned  by  the  Lakeside  Ditch  Company,  which  was 
incorporated  on  August  7,  1874,  with  a  capital  stock  of  *  10,000, 
divided  into  10,000  shares  of  $1  each.  On  February  20,  1875,  the 
capital  stock  was  increased  to  30,000  shares  of  $1  each.  These  shares 
were  owned  by  ninety-five  persons  in  1885.  Each  share  of  stock 
entitles  its  holder  to  a  proportional  share  of  water  in  the  canal.  The 
canal  company  does  not  sell  or  rent  water,  not  even  on  the  few  shares 
of  stock  held  in  the  company's  name.  Each  stockholder  can  have  his 
water  delivered  at  any  point  of  any  branch  of  the  company's  canal 
system.     He  can,  if  he  desires,  rent  or  sell  his  water  for  one  or  more 
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seasons.  The  company  originally  intended  to  deliver  to  each  stock- 
holder the  water  to  which  he  was  entitled  at  some  point  on  his  own 
land,  bat  this  system  of  delivery  was  found  to  be  inexpedient  and  was 
abandoned  in  1876.  The  distribution  of  water  is  in  charge  of  a  canal 
superintendent,  who  apportions  the  water  to  the  various  branches 
of  the  canal  and  has  control  of  its  delivery  to  the  irrigator.  The 
average  annual  cost  of  water  from  this  canal  has  been  about  f  L55 
per  acre. 

Jennings  Ditch. — This  is  a  small  ditch  which  has  its  head  on  the 
south  side  of  St.  Johns  Elver  a  little  more  than  a  quarter  of  a  mile 
below  the  head  of  the  Lower  Wutchumna  Ditch,  and  sends  its 
branches  into  the  northern  portion  of  Visalia  and  adjacent  territory. 
The  main  ditch  has  a  bed  width  of  10  feet.  The  diversion  of  water  is 
accomplished  by  means  of  a  light  wing  dam  of  sand  and  brush,  and 
the  flow  of  water  in  the  ditch  is  controlled  by  means  of  a  simple  regu- 
lator in  the  form  of  a  box,  10  feet  wide,  which  can  be  closed  with  looee 
flashboards.  Water  rights  of  an  old  date,  preceding  the  formation  oi 
St.  Johns  Eiver,  are  claimed  for  this  ditch,  whose  head  has  been 
shifted  back  and  forth  between  Mill  Greek  and  St.  Johns  Kiver. 

BodgerH  Ditch. — This  is  a  small  ditch,  about  4  feet  wide  on  the  bot 
torn,  which  supplies  water  to  a  few  acres  of  land  north  and  west  d 
Yisalia.    It  was  constructed  about  1875. 

Modoc  Canal. — ^This  canal  or  ditch  was  originally  intended  to  b( 
made  a  distributary  for  the  Wutchumna  Canal  water.  It  was  con- 
structed in  1876.  Its  head  is  on  the  south  side  of  St.  Johns  Biver, 
just  above  the  road  leading  northward  from  Yisalia.  Its  length  if 
about  4  miles,  the  course  being  a  little  south  of  west.  Its  bottom 
width  is  about  10  feet,  and  its  capacity  about  36  second-feet.  Owner- 
ship in  the  ditch  is  represented  by  shares  of  stock.  Water  is  distrib 
uted  to  stockholders  in  proportion  to  their  interests.  The  annual 
expense  of  maintenance  is  about  $100,  which  covers  the  construotioii 
of  an  inexpensive  wing  dam  at  the  head  of  the  ditch.  The  area  acta 
ally  irrigated  is  about  1,000  acres. 

Iliclca  (£•  Weston  Ditch, — ^This  is  a  very  small  ditch  from  the  soati 
side  of  St.  Johns  Eiver,  about  200  yards  above  the  Modoc  Oanal.  The 
ditch  is  4  to  5  feet  wide  on  the  bottom.  It  was  constructed  in  1879. 
It  receives  water  from  the  Wutchumna  Oanal  in  addition  to  its  inde 
pendent  supply,  and  is  sometimes  called  the  Hicks  Branch  of  Wat 
chumna  Canal. 

Hayes  Upper  Ditch  (Ooshen  Ditch). — This  ditch  was  constructed  ii 
1881  or  1882  to  supplement  an  older  small  ditch  which  was  constructed 
in  1874  for  the  irrigation  of  lands  near  Goshen,  theretofore  considered 
almost  worthless  on  account  of  the  abundance  of  alkaline  salts  in  th< 
soil.  The  upper  ditch  has  its  head  on  the  south  side  of  St.  Johuf 
Eiver  about  4  miles  northwest  of  Yisalia.  It  has  a  westerly  course 
and  is  about  4  miles  long.    Its  dimensions  are  irregular.    The  pro 
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moters  of  this  enterprise  constructed  a  small  ditch  and  gave  it  an 

inexpensive,  i>oorly  protected  head  gate.    The  gate  was  carried  off  by 

the  first  freshet  and  the  ditch  was  rapidly  enlarged  by  erosion,  so  that 

it  became  a  canal  of  considerable  capacity.    The  second  regulator  put 

into  its  head  was  also  a  very  light  structure,  18  feet  wide.    Like  many 

of  the  stmctures  on  Eaweah  Kiver,  it  was  arranged  as  a  box  culvert, 

the  entrance  to  which  was  divided  into  nine  openings  by  vertical  posts. 

The  spaces  between  xK)sts  could  be  closed  with  loose  flashboards.    This 

ditch  and  the  Lower  Hayes  Ditch  both  belong  to  the  same  owner,  who 

bas  supplied  some  water  to  his  neighbors  at  agree<l  rates  i)er  acre. 

Hayes  Lower  Ditch. — ^The  head  of  this  ditch  is  about  1^  miles  below 
the  head  of  the  Hayes  Upper  Ditch.  Its  course  is  a  little  south  of 
west  to  the  same  region  watered  by  the  Hayes  Upper  Ditch.  The 
ditch  is  about  4  miles  long  and  6  feet  wide.  Its  head  gate  has  a  width 
of  10  feet.  This  ditch  was  constructed  in  1874  by  settlers  near  Goshen, 
bnt  soon  fell  into  the  hands  of  the  promoters  of  the  Goshen  Canal 
ffliterprise. 

Pogues  Upper  Ditch. — This  is  the  uppermost  south-side  diversion 
from  Kaweah  Biver.  The  head  of  the  ditch  is  about  4  miles  above  the 
head  of  St.  Johns  Biver,  a  mile  above  the  hill  known  as  Limekiln 
Point.  The  ditch,  which  has  a  bed  width  of  about  G  feet,  skirts  the 
northern  and  western  base  of  Limekiln  Point  and  commands  several 
thousand  acres  of  fine  land  lying  between  projecting  spurs  of  the  foot- 
hills. The  ditch  was  constructed  in  1884.  Water  is  carried  in  a  flume 
for  some  distance  from  the  head  of  the  ditch.  This  ditch  now  serves 
the  citrus  orchards  at  Lemon  Cove,  which  have  been  set  out  within 
the  last  four  or  five  years  and  now  have  an  aggregate  area  of  about 
500  acres. 

Pogues  Lower  Ditch. — ^This  ditch  was  constructed  in  1875.  It  diverts 
water  firom  the  south  side  of  Kaweah  Biver  just  below  Limekiln 
Point.  It  has  a  southwesterly  course,  a  bed  width  of  6  to  8  feet,  and 
passes  to  the  north  and  west  of  Wutchumna  Hill,  following  the  eastern 
border  of  the  main  valley  and  terminating  at  present  at  a  point  about 
3  miles  southeast  of  Exeter.  Its  total  length  is  about  15  miles,  and 
the  capacity  claimed  for  it  is  30  second-feet.  There  was  but  little  irri- 
gation from  this  ditch  at  the  time  the  second  Pogue  Ditch  was  con- 
stracted,  but  demand  for  water  is  rapidly  increasing.  The  water  is 
used  on  the  lauds  set  out  to  citrus  fruits  at  and  near  Bonnie  Brae. 
The  area  of  citrus  fruits  now  set  out,  all  being  dependent  on  this  ditch 
for  water,  is  650  acres.  Purchasers  of  land  from  the  owners  of  this 
ditch  are  granted  the  right  to  call  for  water  at  the  rate  of  1  miner's 
inch  (about  one  fiftieth  of  a  second-foot)  to  5  acres.  The  charge  of  the 
water  is  8  cents  per  inch  per  twenty-four  hours.  The  lauds  (including 
the  water  rights)  are  sold  at  $76  per  acre. 

Ogden  Ditch, — ^This  ditch  has  its  head  on  the  south  side  of  Kaweah 
Biver,  about  three-quarters  of  a  mile  below  the  head  of  Pogues  Lower 
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Ditch.  It  has  a  southwesterly  course,  closely  following  the  river, 
terminates  near  Cottage.  It  is  a  very  small  ditch,  about  4^  miles  loi 
and  supplies  water  to  a  few  acres  of  alfalfa.  It  is  said  to  be  one  of 
old  ditches,  the  date  of  its  construction  being  given  as  1862.  The  h 
of  the  ditch  was  not,  however,  always  maintained  at  the  same  plaMii 
this  having  been  impossible  on  account  of  the  changes  in  the  alignmenl 
and  character  of  the  river. 

Hamilton  Ditch, — This  is  another  small  private  ditch  on  the  sontb 
side  of  Kaweah  Eiver.  Its  head  is  about  a  mile  above  Cottage.  It 
has  a  southwesterly  course,  is  about  4  miles  long,  and  about  4  feet 
wide.  It  has  been  in  use  since  1854.  A  south-side  branch  of  tba 
Hamilton  Ditch  is  sometimes  known  as  the  Dillon  Ditch. 

Consolidated  Peoples  Dit<!h. —  I'he  difficulties  experienced  by  irrigators 
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dependent  for  water  upon  the  flow  of  Deep  Creek,  Packwood  Creek, 
and  Visalia  Creek,  after  the  freshets  of  18G1-G2,  led  to  a  combination 
of  interests,  the  direct  result  of  which  was  the  construction  of  the 
Peoples  Ditch.  The  outlook  for  a  sufficient  supply  of  water  was  particu- 
larly bad  after  the  winter  of  1863-64,  in  which  there  was  an  unusual 
deficiency  of  precipitation,  and,  as  a  result  of  a  conference  with  the 
owners  of  a  number  of  small  irrigation  ditches,  about  one  hundred 
interested  persons  assembled  late  in  February,  18G4,  at  the  point  wliere 
Landers  Slough  leaves  the  river  and  commenced  ^ot^  o\i  Wi^  V<ao\\\^ 
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Ditch,  the  water  of  whiq}!  was  to  be  apportioned  to  a  number  of  ditches 
which  before  made  independent  diversions.    The  principal  ditches  that 
then  became  dependent  upon  the  Peoples  Ditch  for  water  were  the 
Landers,  Lee  &  Thompson,  Swanson,  Turner,  Grubbs,  and  Eice  ditches. 
The  exx>ense  of  the  canal  construction  was  apportioned  to  the  partici- 
pating farmers  according  to  relative  interests.    Most  of  them  con- 
tribatod  labor,  teams,  and  supplies.    The  ditch  at  its  head  was  made 
18  feet  wide  and  4  feet  deep  and  was  to  have  a  fall  of  about  3^  feet  to 
the  mile.    Work  progressed  rapidly  and  the  ditch  was  considered 
finished  by  June  1, 1864.    Its  estimated  co»t  at  that  time  was  $11,000. 
Bat  owing  to  the  obstructed  condition  of  the  old  channel  of  Kaweah 
River  below  the  head  of  St.  Johns  Channel,  expectations  as  to  flow 
of  water  were  not  fully  realized,  and  upon  petition  tlie  water  commis- 
sioners of  Tulare  County  granted  the  ditch  company  a  franchise  to 
remove  obstructions  from  the  old  Kaweah  Kiver  channel  and  to  enlarge 
it  where  necessary  to  a  width  of  20  feet.    Under  the  franchise  work 
was  done  on  the  old  river  channel  to  a  point  near  the  present  head  of 
St  Johns  River,  about  4j  miles  above  the  present  head  of  the  ditch. 
The  river  channel  was  thus  kept  open  until  again  fiUeil,  in  places,  with 
drift  and  silt  by  the  freshets  of  1807-08.    These  freshets  washed  out 
the  canal  head  gate  in  Landers  Slough  and  considerably  deepened  and 
enlarged  the  upper  section  of  the  canal.    During  the  period  interven- 
ing between  that  winter  and  1877,  when  the  making  of  the  Fowler 
Cnt  resulted  in  the  practical  reestablishment  of  the  old  channel  of 
Kaweah  Biver,  water  reached  the  head  of  the  Peoples  Ditch  through 
a  number  of  high- water  channels  leading  in  a  southwesterly  direction 
from  the  upper  section  of  St.  Johns  Kiver  through  Yisalia  Swamp. 
When  water  became  scarce  at  the  head  of  the  canal,  men  would  be 
sent  up  to  St.  Johns  Kiver  to  increase  the  liow  toward  the  south  by 
throwing  obstructions  into  that  river  channel  or  by  opening  a  better 
pa)«sage  through  the  swamp.    There  has  been  a  satisfactory  sujiply  of 
water  to  the  head  of  the  Peoples  Ditch  ever  since  the  Fowler  Cut  was 
made. 

Tkis  cut  wa8  made  by  Mr.  Samuel  Fowler  under  contract  with  tlie 
Kaweah  Canal  and  Irrigation  Company,  which  had  entered  into  an 
agreement  with  the  management  of  the  l^eoples  Ditch  concerning  the 
apportionment  of  water.  The  agreement,  which  was  formally  executed 
on  December  21, 1878,  but  subse^juently  set  aside  by  a  decision  of  the 
courts,  provided  for  a  joint  ownership  of  the  upper  portion  of  the  Peo- 
ples Ditch  and  of  the  water  way  above  the  head  of  that  ditch  as 
improved  by  the  Kaweah  Canal  and  Irrij^ation  Comi)any,  and  conceded 
to  the  Peoi)les  Ditch  the  right  at  all  times  to  as  much  water  as  will  flow 
in  a  ditch  50  feet  wide  and  2  feet  deep  on  a  grade  of  G  inches  to  the 
mile.  The  water  of  Kaweah  River  which  passes  the  head  of  St.  Johns 
Channel  separates  into  two  channels,  each  about  a  mile  long,  forming 
an  island  about  11  miles  above  Yisalia.    The  upper  portion  of  the 
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northernmost  of  these  channels  is  known  as  t^ie  Hamilton  or  VlsaU* 
Cut.  The  southernmost  is  Lander  Sloagh,  or  the  enlarged  channel 
of  the  Lander  Ditch.  It  is  the  upper  portion  of  Lander  Slongh  which 
uutil  1896  carried  water  to  the  point  where  the  flow  was  brought  under 
final  control  for  the  Peoples  Ditch.  But  when  the  canal  regulator 
failed  Landers  Slough  was  closed  near  its  head  and  an  artificial  canal 
was  substituted  for  the  Landers  Slough  section  of  the  Peoples  Ditob. 
A  box  inlet  20  feet  wide  and  10  feet  deep  is  maintained  in  the  head  of 
this  new  canal  section,  which  structure  seems  to  be  intended  more  as  a 
partitioner  of  the  flow  of  Kaweah  Eiver  than  as  a  regulating  g^te  in 
the  ordinary  sense. 

The  Consolidated  Peoples  Ditch' has  a  southwesterly  coarse  from 
Landers  Slough  for  3  miles  to  the  i>oint  where  its  water  was  separated 
from  that  of  the  Kaweah  Canal,  so  long  as  that  canal  was  in  service 
The  main  canal  extends  from  that  point  about  1^  miles  farther,  to  a 
point  known  as  Dillons  Mill,  where  some  of  its  water  is  in  use  to  supply 
power.  The  section  of  the  canal  next  below  Landers  Slough  foUows 
the  original  alignment  of  the  Swanson  Ditch  for  about  three-fourths  of 
a  mile,  following  and  finally  crossing  the  almost  obliterated  channel 
of  Yokohl  Creek.  The  occasional  flow  of  this  creek  is  admitted  into 
the  canal,  and  surplus  waters  are  discharged  through  a  waste  gate 
into  Outside  Creek,  which  was  originally  a  continuation  of  the  Yokohl 
Creek  channel.  The  main  canal  is  of  somewhat  irregular  dimensions, 
much  of  it  having  the  appearance  of  a  natural  channel.  Its  width 
is  generally  30  to  50  feet  and  its  capacity  probably  exceeds  400 
second-feet. 

The  consolidation  of  the  interests  of  the  several  small  ditches  and 
individual  irrigators,  as  already  explained,  led  finally  to  an  incorpora- 
tion of  their  organization.  This  was  effected  in  1874,  and  the  corpo- 
ration received  the  name  of  the  Consolidated  Peoples  Ditch  Company. 
Its  capital  stock  was  fixed  at  $9,700,  in  97  shares  of  $100  each.  Canal 
exjienses  are  assessed  upon  stockholders.  Fo  water  is  sold  by  the 
canal  company.  At  the  time  of  constructing  the  canal  it  was  agreed 
that  each  person  interested  in  the  main  canal  should  contribute  toward 
construction  down  to  the  point  at  which  his  water  was  to  be  delivered 
into  a  branch  ditx^h.  All  branch  ditches  are  under  independent  man- 
agement. Water  is  distributed  to  the  various  branch  ditches,  under 
the  direction  of  the  president  of  the  comx)any,  in  proportion  to  the 
number  of  shares  of  stock  for  which  water  is  to  be  delivered  to  each. 
The  api)ortionment  of  water  between  the  main  canal  and  a  branch  ditch 
is  accomplished  by  constructing  a  sill  or  floor  at  the  same  elevation  in 
each,  the  effective  width  of  canal  and  ditch  on  each  sill  being  made 
proportional  to  the  amount  of  water  to  be  passed.  The  cost  of  con- 
structing and  maintaining  these  structures  falls  upon  the  canal  com- 
pany. The  area  of  land  actually  irrigated  in  a  single  season  with  water 
from  the  Peoples  Ditch  has  exceeded  5,000  acres.    The  total  expeadi- 
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tme  ou  the  main  canal  chargeable  to  the  construction  account  has  been 
about  950,000. 

Swanson  Ditch^ — This  is  a  branch  of  the  Peoples  Ditch,  receiviug  its 
water  about  three-quarters  of  a  mile  below  the  point  where  the  latter 
leaves  Landers  Slough.  It  has  a  southwesterly  course  and  is  about  4 
miles  long.  It  is  reported  to  have  been  in  use  as  an  iDdei)endent  ditch 
as  early  as  1855.  While  the  supply  of  water  fh)m  the  Peoples  Ditch 
vas  somewhat  unreliable — preceding  1878 — irrigators  dependent  upon 
the  Swanson  Ditch  eudeavored  to  keep  the  head  of  Packwood  Creek 
open,  but  with  indifferent  success.  Since  that  time  the  ditch  is  to  be 
legarded  merely  as  a  branch  of  the  Peoples  Ditch. 

Lee  &  Thompson  Ditch. — This  was  a  second  old  ditch,  almost  parallel 
with  the  Swanson  for  some  distance.  Its  alignment  was  adopted  for 
the  Peoples  Ditch  for  a  considerable  distance,  and  only  the  lower  end 
of  the  original  ditch  remains  in  use  a;s  a  small  distributary  of  the 
Peoples  Ditch  water. 

Rice  Ditch. — This  is  another  small  ditch,  now  a  branch  of  the  Peo- 
ples Ditch,  which  was  in  use  before  the  latter  was  constructed.  Its 
coarse  is  southerly  from  a  point  near  the  lower  end  of  the  main  ditch. 
It  is  about  6  miles  long,  terminating  in  a  branch  of  Outside  Creek  used 
as  a  distributary  of  the  Peoples  Ditch  water  under  the  name  of  the 
Bliss  &  Hyde  Ditch,  and  it  commands  a  narrow  strip  of  land  lying  to 
the  east  of  Outside  Creek. 

Catron  and  Teague  ditches. — These  are  two  small  branches  of  the 
Peoples  Ditch,  both  of  which  receive  water  from  the  south  side  of 
the  latter  through  a  common  head  about  2  miles  below  Landers  Slough. 
Their  course  is  southerly.  The  former  is  about  3  miles  long,  the  latter 
about  4,  and  both  are  connected  at  their  lower  ends  with  the  Eice 
Ditch,  into  which  surplus  water  is  dropped. 

Bliss  &  Hyde  Ditch. — This  is  a  branch  of  the  Peoples  Ditch,  receiv- 
ing its  water  a  quarter  of  a  mile  below  the  head  of  the  Catron  and  the 
Teague  ditches.  At  that  point  a  short  cut  from  the  south  side  of  the 
Peoples  Ditch  drops  water  for  this  branch  into  a  natural  channel — 
the  eastern  branch  of  Outside  Creek — which  is  the  same  channel  used 
above  that  point  as  a  common  head  for  the  Catron  and  the  Teague 
ditches.  This  channel  has  a  course  a  little  west  of  south  for  about  12 
miles,  to  the  point  where  the  water  of  the  branch  ditch  is  used,  about 
6  miles  east  of  Tulare,  on  both  sides  of  Outside  Creek,  there  known  in 
part  as  Elk  Bayou.  Water  is  diverted  from  Outside  Creek  into  two 
irrigation  ditches,  one  upon  either  side,  each  of  which  has  a  length  of 
about  2  miles. 

DaviSj  Brown,   and  Pennehaker  ditchett, — Those    are    three    short 
branches  of  the  Peoples  Ditch,  all  receiving  water  from  it  at  or  near 
the  termination  of  the  main  canal,  and  supplying  water  to  lands  near 
•Farmersville. 

Extension  Ditch. — After  the  use  of  a  portion  of  the  water  of  the 
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Peoples  Ditcli  for  power  at  Dillons  Mill,  whicli  is  at  the  terminatioD 
of  tlie  main  canal,  it  flows  into  Outside  Creek.  Tlie  creek  cbaonel  ia 
closed  with  an  overfall  dam  of  brush,  which  nerves  us  a  waste  way  for 
all  water  not  required  for  the  Extension  Ditch.  This  ditch  is  one  of 
the  principal  branches  of  the  Peoples  Ditch.  It  has  a  soothwesterly 
coarse,  and,  with  its  branches,  commands  the  region  to  the  west  and 
northward  of  Farmersville.  It  was  bnilt  by  the  farmers  whose  lands  it 
waters.  They  have  formed  a  corporation  kuowu  as  the  KxtenBion 
Ditch  Company,  whose  shares  of  stock  are  in  the  liatids  of  thirty  oc 
more  irrigators.  The  affairs  of  this  company  are  managed  eDtirel; 
independent  of  the  Peoples  Ditch  Company,  which  merely  delivers  to 
it  the  water  which  ito  stockholders  are  entitled  to  receive  firom  the 
Peoples  Ditch. 
Kaireah  Canal. — The  ennineration  of  this  canal  is  merely  historical. 


It  is  one  of  the  canals  whose  successful  ojteratiou  wiia  greatly  interfered 
with  by  litigation.  The  canal  was  constructed  in  1S77.  At  that  time 
the  Fowler  Cut  was  made  for  the  Kaweah  Canal  and  Irrigation  Com- 
pany, and  led  to  the  reestablishment  of  the  original  channel  of  Kaweah 
Hiver,  or  of  a  new  channel  very  nearly  coincident  with  the  original  one 
in  imsition.  Tho  agreement  then  made  with  the  Consolidated  Peoples 
Ditch  Company  gave  the  new  company  a  rigiit  to  use  the  upper  sec- 
tions of  tho  Peoples  Ditch  for  several  miles,  and  below  that  point  a 
canal  was  excavated,  about  50  feet  wide  on  the  bottom  and  3  feet  deep, 
which  temiwrarily  dropped  its  water  into  Deep  Creek,  in  which  it 
flowed  to  within  a  few  miles  of  Tulare.  The  main  canal  was  soon  after 
wards  extended  across  Deep  Creek  in  a  general  southwesterly  direc- 
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tion,  passing  about  a  mile  to  the  west  of  Farmersville,  until,  at  a  i>oint 
about  6  miles  to  tlie  northeast  of  Tulare,  it  was  separated  into  two 
main  branches,  of  which  the  southerly  one  commanded  the  lands  in 
the  vicinity  of  Tulare,  including  the  colony  lands  toward  the  west. 
The  northerly  branch  was  extended  westerly  across  Cameron  Creek  to 
a  connection  with  the  Tulare  Canal,  and  has  irrigated  a  few  tracts  of 
bud  near  Tagus.  Tbe  total  length  of  the  main  canal,  not  including 
the  Fowler  Cut  or  the  Peoples  Ditch,  to  where  it  separates  into  its  two 
principal  branches  is  about  10  miles.  Irrigation  from  this  canal  has 
probably  exceeded  4,000  acres.  The  canal  was  constructed  by  a  cor- 
poration known  as  the  Kaweah  Canal  and  Irrigation  Conii)any,  which 
was  organized  in  1877  by  farmers  who  were  in  need  of  water  for  their 
lands  in  the  vicinity  of  Tulare.  The  capital  stock  was  fixed  at  $.>0,000, 
in  500  shares.  The  expense.of  canal  construction  and  litigation  soon 
exceeded  this  sum  by  at  least  $10,000.  The  canal  always  held  its 
water  for  sale,  but  stockholders  were  entitled  to  receive  it  at  slightly 
reduced  rates.  All  expenses  in  excess  of  revenue  derived  from  the 
sale  of  water  were  api)ortioned  to  stockholders.  Water  was  not  sold 
by  measurement;  it  was  delivered  to  the  irrigators  from  the  several 
canal  branches  in  rotation,  and  was  paid  for  at  fixed  rates  per  acre 
actually  irrigated,  generally  $1  to  $2  per  acre.  The  right  of  the  canal 
to  receive  any  surplus  waters  from  the  Peoples  Ditch  was  disputed  in 
court  by  farmers  who,  as  riparian  owners  on  Outside  Creek,  demande<l 
that  all  flow  in  the  Peoples  Ditch  in  excess  of  that  required  foi  that 
ditch  should  be  wasted  into  channels  leading  into  Outside  (.'reek. 
Theur  claim  having  been  sustained,  the  Kaweah  Canal  for  many  years 
received  water  only  by  suflerance  and  only  during  periods  when  the 
river  afforded  an  abundant  supply.  Its  water  was  no  longer  taken 
through  the  head  of  the  Peoples  Ditch,  but  a  cut  was  made  from 
Kaweah  River  below  Deep  Creek  to  the  canal,  and  the  upper  half  mile 
of  Deep  Creek  itself  was  utilized  as  a  source  of  supply.  After  the 
organization  of  the  Tulare  irrigation  district  the  canal  was  sold  to  the 
district  for  $150,000,  payment  being  made  in  bonds,  but  with  the  pro- 
viso that  the  stockholders  of  the  Keweah  Canal  and  Irrigation  Coni- 
pauy  should  be  xn-eferred  takers  of  one  third  of  all  the  water  ent(*ring 
the  upi)er  section  of  the  canal,  at  the  ap;reed  price  of  81.*-5  per  acre  i)er 
annum. 

Farmers  Canal. — This  janal  has  its  head  on  the  east  side  of  Deep 
Creek,  about  2  miles  below  Farniersville.  It  has  a  southwesterly 
coarse,  commanding  several  thousand  acres  of  land  between  Klk  Bayou 
and  Deep  Creek  channels  within  0  miles  of  the  head  of  the  canal.  The 
bed  width  of  the  canal  for  several  miles  below  its  head  is  14  feet. 
The  head  gate  or  regulator  has  a  width  of  IS  feet.  The  water  is  turned 
from  the  creek  into  the  head  of  the  canal  by  means  of  a  brush  dam. 
The  canal  was  constructed  in  1875  by  an  incorporated  company,  whose 
members  are  the  farmers  using  canal  water.    The  capital  stock  was 
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fixed  at  $20,000,  in  shares  of  $100  each.  The  head  of  Deep  Creek, 
from  which  diversion  is  made  for  this  canal,  is  aboat  8  miles,  in  a 
direct  line,  above  Visalia,  on  the  south  side  of  Kaweah  Kiver.  No 
water  flows  into  Deep  Creek  from  the  river  daring  its  low  stages. 
Water  is  generally  available  from  the  beginning  of  March  to  the  end 
of  June.  During  this  time  a  superintendent  is  employed  to  apportion 
the  water  to  holders  of  stock.  When  the  supply  of  water  is  limited  it 
is  used  in  turn  by  the  irrigators.  Each  stockholder  is  permitted  to 
or  lease  the  water  to  which  he  is  entitled.  The  water  represented  by 
few  shares  of  stock  held  in  the  name  of  the  corporation  itself  is  also 
ject  to  sale.  The  estimated  cost  of  canal  construction  and 
connected  therewith  is  about  $7,000  to  $8,000.    The  annual 

per  share  of  stock  for  canal 
ment  and  maintenance  has  been 
$1.    The  structures  necessary  fi»  w^\ 
livery  of  water  into  branch  ditches 
constructed  and  maintained  at 
expense  of  those  who  receive 
through  each. 

Tulare  Canal. — This  canal  was  oon- 
structed  for  the  irrigation  of  lands  in 
the  vicinity  of  Tagus  and  to  the  north- 
west of  Tulare.  Its  head  is  on  the 
south  side  of  Kaweah  Eiver,  about  mid- 
way between  the  head  of  Deep  Creek 
and  the  head  of  Packwood  Creek.  It 
has  a  southwesterly  course,  is  about  15 
miles  long,  and  has  a  bed  width  of  16  feet.  The  canal  passe43  about 
2J  miles  to  the  south  of  Visalia  and  a  mile  to  the  south  of  Tagus,  and 
terminates  at  the  main  canal  of  the  Rocky  Ford  Canal  Company.  The 
canal  was  constructed  in  1873.  The  farmers  interested  in  the  enter- 
prise formed  a  corporation  in  the  following  year,  known  as  the  Tulare 
Irrigating  Company,  whose  capital  stock  was  fixed  at  $40,000,  in 
shares  of  $100  each.  The  diversion  of  water  from  the  river  is  accom- 
plished by  means  of  a  dam  or  weir  of  brush,  and  the  inflow  into  the 
canal  is  controlled  by  a  regulator  or  head  gate  10  feet  wide.  It  has 
been  claimed  that  the  Ketchum  Cut,  one  of  the  several  ditches  from. 
St.  Johns  River  southwesterly  to  Kaweah  River  above  the  head  of 
the  Tulare  Canal,  has  been  utilized  by  the  Tulare  Irrigating  Cmft- 
pany  to  accomplish  the  diversion  of  its  water  direct  from  St.  Johns 
River,  but  it  has  not  been  possible  to  verify  this  claim,  or  to  asoer- 
tain  whether  the  canal  company  has  any  proprietary  interest  in  the 
Ketchum  Cut. 

Before  1885  it  was  customary  to  apportion  the  flow  of  the  canal  to 
the  stockholders  in  the  corporation  in  proportion  to  their  respective 
juterestSy  but  the  holders  of  stock  who  were  not  ready  to  mai\L«k  \>Totk\a\A^ 
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3  of  their  water  demanded  a  change,  and  it  was  at  that  time  decided 
X>eniiit  each  stockholder  to  irrigate  free  of  cost  as  many  acres  as  he 
d  shares  of  stock,  and  to  charge  $1  per  acre  for  all  additional  areas. 
Rocky  Ford  Ditch. — This  ditch,  now  a  part  of  the  Tulare  irrigation 
trict  canal  system,  takes  its  name  from  Eocky  Ford  on  St.  Johns 
veTj  because  half  a  mile  above  is  the  head  of  the  Ketchum  Out, 
icb  was  bought  by  the  Rocky  Ford  Oanal  and  Irrigation  Company, 
1  was  supposed  to  deliver  water  for  the  canal  from  St.  Johns  Kiver 
o  the  Kaweah,  from  which  it  was  reclaimed  for  the  Rocky  Ford  Ditch 
tbe  head  of  Packwood  Creek.  The  head  of  Packwood  Creek,  which 
i  been  almost  obliterated  by  the  freshets  of  1861 -(>2  and  1867-68, 
s  reopened  by  this  canal  company  in  1876.  A  cut  1>  feet  wide  and 
•ee-quarters  of  a  mile  long,  following  the  channel  of  Packwood 
eek,  received  the  canal  water  from  Kaweah  River.  The  water  thus 
'ertecl  was  carried  southwesterly  in  Packwood  ('reek,  and  in  its  south 
k  about  2^  miles,  thence  south  in  a  ditch  three-quarters  of  a  mile  to 
other  natural  channel,  from  which,  a  half  mile  below,  it  was  dropped 
o  Cameron  Creek,  which  it  followed,  still  in  a  general  southwesterly 
^ection,  to  a  point  about  a  mile  south  of  Tagus.  At  that  i)oint  the 
iter  was  taken  into  a  system  of  distributing  ditches  covering  4,000 
5,000  acres  of  land  to  the  southwest  of  Tagus,  between  Cameron  and 
ickwood  creeks.  About  $20,000  was  expended  on  this  work,  besides 
,000  in  litigation,  but  after  a  few  years  the  company  was  deprived  of 
e  use  of  the  Packwood  Creek  channel  by  an  order  of  court,  and  those 
l>endent  upon  this  canal  found  themselves  without  water. 
Cameron  Creek  Company, — This  was  an  unincorporated  organization 
farmers  which  may  be  considered  an  offspring  of  the  Rocky  Ford 
itch  Company.  The  purpose  of  the  organization  was  to  secure  water 
r  the  Rocky  Ford  Canal,  the  head  works  of  which  were  thrown  out  of 
rvice  by  orders  of  the  court.  There  was  ordinarily  a  surplus  flow 
water  in  the  spring  months,  which  reached  Cameron  Creek  by  way 
the  Deep  Creek  channels  and  the  Kaweah  and  Tulare  canals.  The 
iter  thus  reaching  the  Rocky  Ford  Canal  from  Cameron  Creek  was 
stributed  to  irrigators  under  the  management  and  control  of  the 
imeron  Creek  Company.  The  owners  or  lessees  of  stock  in  the  Rocky 
>rd  Canal  Company  were  the  preferred  i)un!hasers  of  water,  but  if 
ere  was  suthcient  available  it  was  also  sold  to  farmers  who  held  no 
ock.  The  apportionment  of  water  was  by  rotation  in  the  use  of  the 
)W  of  distributaries.  The  time  of  use  i)er  share  of  stock  was  reduced 
i  the  supply  decreased.  The  charge  lor  water  was  at  the  rate  of  $1 
?r  year  i)er  acre  irrigated.  The  necessity  for  oi)erations  by  this  com- 
my  ceased  upon  the  completion  of  the  canal  system  of  the  Tulare 
rigation  district. 

Bacon  c(-  CrosHmore  Canal  {Paekicood  Creek  Canal), — When,  in  1875, 
.  became  necessary  to  improve  the  flow  of  Packwood  CiYeviV  iv^\  W\^ 
ippJj'  of  water  to  a  large  tract  of  land  C  to  9  miles  we^t  fcom  1\j\vvt^ 
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a  (liti^h  was  coustructed  from  St.  Johns  River,  theu  the  ])riucipal  chan- 
nel of  Kaweah  Itiver,  commencing  about  a  hundred  yards  above  Kockyl 
Ford,  thence  southwesterly  about  4  miles,  passing  to  the  north  and] 

t  L 

westward  of  a  group  of  low  hills  known  as  the  Swamp  Angels,  to  a 
connection  with  the  old  channel  of  Kaweah  River.    Water  thus  turnel 

into  this  channel  wasj 
allowed  to  flow  to  ^ 
point  in  Yisalia  Greek 
about  1^  miles  beiov 
the  head  of  Pack 
wooil  Creek  and  was 
there  diverted  into  i 
canal  about  1,000  feet 
long  leading  south- 
erly into  Pack  wood 
Creek.  These  two 
ditches,  or  canals, 
together  with  theuat- 
ural  channel  of  Pack- 
wood  Creek,  an 
known  as  the  Bacon  «S:  Crossmore  Caiial.  The  upper  i)ortion  of  this 
canal  has  a  width  of  about  IG  feet.  The  width  of  its  head  gate  or 
regulator  at  St.  Johns'  River  is  40  feet.  The  cut  for  Yisalia  Greek 
into  Packwood  is  about  30  feet  wide.  Its  How  is  controlled  by  a  gate 
30  feet  in  width.  The  i)oint  of  discharge  of  the  canal  from  St.  Jolms 
River  into  the  Kaweah  is  just  below  Goads  Dam  at  the  head  of  the 
Tulare  Canal.  To  enable 
diversion  of  water  from 
VisaliaCreek  into  theclian- 
nel  of  Packwood  Creek  by 
way  of  the  Bacon  &  Cross- 
more  Cut,  a  brush  dam  is 
maintained  in  the  creek 
about  GO  feet  below  the 
head  of  the  cut.  The  How 
of  Packwook  Creek  as  thus 
established  is  lirst  checked 
at  a  ])oii)t  about  4  miles 
west  of  Tagus,  where  dis- 
tributaries are  in  use  upon 
either    side  of   the  creek 

channel.  Several  otlior  diversions  are  made  some  miles  farther  down 
the  creek,  and  it  is  claimed  that  several  thousand  acres  of  land  are 
irrigated  by  this  ditch  system. 

Juihl  IHich, — This  ditch  was  in  use  but  a  short  time  subsequent  to 
thr  freshets  of  1S67-GS.    An  organization  of  mtevek^^teOL  i^Lxme^TE  known 
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■  as  the  Judd  Ditch  Company  at  that  tiu)e  endeavored  to  keep  the  head 
of  Packwood  Creek  open,  but  owing  to  controversies  with  people  living 
near  Yisalia  on  Yisalia  Creek  the  attempt  was  soon  abandoned. 

Cutler  &  Biggins  Ditch  (Chatten  Ditch), — ^This  is  a  small  ditch  between^ 
St.  Johns  Biver  and  Yisalia  Creek.  Its  head  is  on  the  north  side  of 
Kaweah  Eiver  just  above  the  ]K)int  where  it  divides  into  the  two  chan- 
nels, Yisalia  Creek  and  Pa^^kwood  Creek.  It  has  a  westerly  coarse,  is 
aboat  2  miles  long,  3  to  G  feet  wide  on  the  bottom,  and  belongs  to  several 
fimners,  who  take  turns  in  using  its  water  for  the  irrigation  of  a  few 
hundred  acres  of  alfalfa.    The  ditch  has  been  in  use  since  1857. 

Kaweah  and  Mill  Creek  Water  Company. — This  corporation  was  organ- 
ized in  1877  with  a  capital  stock  of  $10,000,  in  200  shares,  for  the  purpose 
of  harmonizing  and  protecting  conflicting  interests  by  maintaining  and 
controlling  the  flow  of  water  in  Mill  Creek  (Yisalia  Creek)  and  distribut- 
ing it  to  the  canals  and  ditches  entitled  to  receive  it.  Its  shaies  of  stock 
were  distributed  to  the  owners  of  the  various  canals  and  ditches  accord- 
ing to  their  relative  interests,  and  the  superintendent  of  this  company  is 
required  to  apportion  the  amount  of  water  available  to  each  ditch  and 
canal  in  proportion  to  the  number  of  shares  of  stock  for  which  water  is 
to  be  turned  into  each.  A  decision  of  the  courts  favoring  the  riparian 
doctrine  has,  however,  made  it  difficult  for  ditch  owners  along  Mill 
Greek  below  Yisalia  to  reclaim  their  water,  as  the  decision  interferes 
with  the  construction  of  dams  in  the  creek  channel  so  long  as  they  are 
objected  to  by  riparian  proprietors.  To  increase  the  flow  of  water  in 
Yisalia  Creek  it  was  found  necessary  to  open  the  head  of  Lane  Slough. 
This  had  been  done  before,  but  later  freshets  had  again  obstructed  its 
channel  near  St.  Johns  Eiver.  The  Bostwick  Cut  was  the  result  of  the 
work  done  by  the  company  at  that  point.  This  is  a  canal  leading  south- 
erly from  St.  Johns  Eiver,  about  a  mile  above  Rocky  Ford,  into  the  main 
channel  of  Lane  Slough.  Lane  Slough  was  one  of  the  several  natural 
channels  having  a  southwesterly  course  through  Yisalia  Swamp  from 
near  its  northern  margin  to  the  old  channel  of  Kaweah  Eiver  above  the 
head  of  Yisalia  Creek.  It  is  claimed  that  this  slough  was  so  obstructed 
with  drift  and  silt  by  the  freshets  of  1861-62  that  for  reclamation  pur- 
poses it  was  necessary  once  before  to  open  it,  under  direction  of  State 
authorities,  with  moneys  from  the  swamp  land  fund.  The  watercompany 
in  1878  also  caused  a  section  of  the  old  channel  of  Kaweah  Eiver  just 
below  the  head  of  Landers  Slough  to  be  reopened.  The  work  there 
done  resulted  in  the  formation  of  the  Hamilton  Cut.  All  expenses  of 
management  incurred  by  the  Kaweah  and  Mill  Creek  Water  Company 
are  raised  by  assessments  levied  upon  the  stock.  The  principal  ditches 
dependent  upon  this  organization  for  their  water  supply  are  the  Oaks, 
Watson,  Burch,  Mill,  Bahwell,  and  Fulgham  ditches. 

Oaks  Dit<ih. — ^The  head  of  the  Oaks  Ditch  is  on  the  south  side  of 
Yisalia  Creek,  just  above  the  dam  maintained  below  tVie^  \\ekaA.  ol  V\i^ 
'Bacon  i£r  Crossmore  Cat    It  was  in  use  prior  to  the  oigSisAxaXvow  oi 
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the  Kaweah  and  Mill  Creek  Water  Company,  from  wliicli  it  now 
receives  its  water.  It  is  a  small  ditch,  flowing  several  miles  westerlj 
between  Visalia  and  Packwood  creeks,  and  supplies  water  to  seven  or 
eight  small  farms.  The  entire  flow  of  the  ditch  is  nsually  divided  into 
two  irrigating  heads. 

Evans  Ditch. — This  ditch,  which  has  also  become  dei)endent  on  tbe 
Kaweah  and  Mill  Creek  Water  Company  for  \\»  supply  of  water,  has 
its  head  on  the  south  side  of  Visalia  Creek  about  2  miles  above  Yisalifti 
Its  upper  Hcction  serves  as  a  common  head  for  three  otherwise  indepen- 
dent ditches,  the  other  two  being  the  Burch  and  the  Watson  ditches. 
The  Evans  Ditch  is  entitled  to  one-half  of  the  water  entering  its  head, 
the  Watson  to  one-third,  and  the  Burch  to  one-sixth.  The  ditch  hasi 
southwesterly  course,  is  about  5  miles  long,  and  supplies  water  to  about 
500  acres  just  to  the  south  of  Visalia.  Ownership  in  the  ditx^h  is  re^ 
resented  by  shares  of  stock,  and  the  distribution  of  water  is  made  i& 
proportio*^  to  the  number  of  shares  of  stock  owned  or  controlled  by 
each  irrigator.  Water  is  generally  available  for  ten  months  each  year, 
and  is  used  in  turn  by  the  irrigators. 

Evans  &  Turner  Ditch. — This  is  a  diversion  from  the  west  side  of 
Packwood  Creek  about  2  miles  below  the  Bacon  &  Crossmore  Cut  It 
has  a  westerly  course,  is  about  a  mile  long,  and  drops  its  water  into 
the  Evans  Ditch.  It  is  claimed  that  this  ditch  was  in  use  as  early  as 
1858,  but  if  so  it  was  out  of  service  for  many  years  preceding  its 
reestablishment,  about  1884. 

Burch  Ditch. — This  is  another  small  ditch  to  which  water  is  sup- 
plied under  control  of  the  Kaweah  and  Mill  Creek  Water  Company. 
Although  the  ditch  was  in  use  before  the  organization  of  that  com- 
pany, and  then  received  water  direct  from  Visalia  Creek,  it  has  of  late 
years  been  supplied  with  water  through  the  head  of  the  Evans  Ditch. 
Its  water,  together  with  that  for  Watson  Ditch,  is  turned  out  of  the 
west  side  of  Evans  Ditch  one-half  mile  below  its  head.  It  flows  west- 
erly three-quarters  of  a  mile  in  a  channel  used  in  common  with  the 
Watson  Ditch,  and  thence  a  little  south  of  west  to  the  southwestern 
portion  of  Visalia.  It  supplies  a  number  of  small  farms  southeast  of 
Visalia.  The  head  of  the  ditch  was  originally  onHhe  north  side  of  the 
creek  and  its  water  was  brought  to  the  south  side  in  a  flume. 

^Vat8on  Ditch. — This  is  another  of  the  old  irrigation  ditches  in  whose 
interest  the  Kaweah  and  Mill  Creek  Water  Company  was  organized. 
This  ditch  was  constructed  in  1854,  before  water  was  used  by  the  mill 
in  Visalia.  Its  head  was  on  the  south  side  of  the  creek  about  3  miles 
east  of  Visalia,  and  its  water  was  used  near  Visalia.  It  now  receives 
water  through  a  common  head  with  the  Evans  and  the  Burch  ditches, 
and  is  linally  separated  from  the  Burch  Ditch  water  about  a  mile  east 
of  Visalia.  Ownership  in  this  ditch  is  represented  by  shares  of  stock, 
of  which  100  maybe  issued.  Between  60  and  70  are  in  the  hands  of 
fifteen  to  twenty  farmers,  who  use  its  water  mostly  ow  %malV  farms  to 
t/w  south  and  southwest  of  Visalia.    It  was  origmaWy  \ia\«vi^«A ^i^i^^) 
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each  share  of  stock  should  represent  17.28  miner's  inches  of  water 
(abont  one-third  second-foot})  and  the  original  price  per  share  was 
fixed  at  $5.  Stockholders  are  assessed  for  all  expenses  of  management 
and  repairs.  A  sai>erintendent  is  employed  only  when  necessary,  not 
when  water  is  abundant,  nor  when  there  is  none  at  all.  Shares  of 
stock  not  issued  are  not  entitled  to  water.  >  Holders  of  stock  may  sell 
or  lease  the  water  to  which  they  are  entitled.  When  the  flow  of  the 
ditch  is  small  it  is  given  to  the  irrigators  in  turn  for  eight  hours  per 
share  of  stock.  The  annual  expense  of  ditch  management  is  about  $5 
per  share. 

MiU  Ditch. — ^This  is  not  an  irrigation  ditch,  but  it  has  rights  to  the 
use  of  water  from  Kaweah  Eiver,  which  make  its  enumeration  among 
the  Kaweah  Biver  ditches  desirable.  Its  head  is  about  one-half  mile 
above  Yisalia,  on  the  south  side  of  Yisalia  Creek.  It  has  a  westerly 
coarse  into  the  town,  and  drops  its  water  back  into  the  creek  at  the 
mill.  It  has  been  in  use  since  1854,  at  which  time  a  brush  dam  was 
constructed  at  its  head  in  Visalia  Greek.  This  is  another  of  the 
ditches  in  whose  interest  the  Kaweah  and  Mill  Creek  Water  Company 
was  organized.  The  mill  owners  are  stockholders  in  this  corj^oratiou 
and  receive  the  same  consideration  accorded  to  irrigators. 

Bahwell  and  Fulgham  ditches. — These  are  two  small  ditches  below 
Visalia,  which  were  included  among  those  for  whose  benefit  the  Kaweah 
and  Mill  Creek  Water  Company  was  formed.  They  and  a  number  of 
other  small  ditches  make  use  of  the  freshet  flow  of  Yisalia  Creek 
reaching  the  lower  sections  of  Mill  Creek,  as  well  as  of  the  water 
which  is  returned  to  the  creek  by  the  Mill  Ditch. 

Longs  CanaL — This  exists  in  name  only.  It  was  a  canal  or  reopened 
slough  constructed,  some  years  after  the  freshets  of  1861-02,  south- 
westerly through  the  upper  end  of  Yisalia  Swamp,  from  St.  Johns 
Hiver  to  Potter  Slough,  which  discharged  into  Kaweah  River.  The 
first  work  done  there  was  nominally  for  reclamation  purposes — to 
facilitate  drainage  of  the  swamp.  The  canal  was  closed  by  the  drift 
md  silt  brought  down  by  the  freshets  of  18(>7-68,  and  was  again 
opened  at  the  exi)euse  of  the  Kaweah  and  Mill  Creek  Water  Comi)any. 

Bostwick  Cut. — This  is  a  short  ditch  or  canal,  southwesterly  from  St. 
Johns  River  about  three-quarters  of  a  mile  above  Rocky  Ford,  to  Lane 
Slough,  which  continues  in  a  southwesterly  direction  to  Kaweah  River. 
It  was  constructed  in  1863  or  18(>4,  for  drainage  purposes,  with  money 
from  the  swamp-land  funds.  There  seems  to  bo  no  doubt,  however, 
that  it  would  not  have  been  constructed  had  it  not  been  desirable  to 
iuerease  the  flow  in  Yisalia  and  Packwood  creeks  for  irrigation  pur- 
poses. The  cut  was  filled  with  drift  and  silt  by  subsequeiit  freshets, 
and  was  again  opened  in  1876  by  the  same  parties  who  the  following 
year  organized  the  Kaweah  and  Mill  Creek  Water  Company.  It  is 
about  18  to  20  feet  wide  on  the  bottom  and  half  a  mile  long.  It  is  i)ro- 
vided  with  a  head  gate  having  a  width  of  L*ii  feet. 
IBB  18 3 
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Ketchum  Gut, — This  is  a  ditch,  about  8  feet  wide  on  the  bottom,  haviDf 
it8  bead  on  the  south  side  of  St.  Johns  River  about  a  half  mile  aboft 
Eocky  Ford.  Its  course  is  thence  southwesterly,  skirting  the  eastm 
base  of  the  Swamp  Angels  to  Kawciih  River,  one-half  mile  above  tti 
head  of  the  Tulare  Canal.  The  ditch  wtis  constructed,  probably  abMl 
18G4,  with  money  from  the  Stat«  swampland  funds,  ostensibly  for  dniih 
age  purposes.  It  was  originally  carried  across  Kaweah  River.  Thi 
right  to  use  it  for  irrigation  purposes  has  been  claimed  by  the  JUMkj 
Ford  Canal  Company,  and,  possibly, also  by  the  Tulare  IrrigatioB  Oi# 
pany.  It  seems  to  have  been  in  use  principally  for  the  irrigatUNiidb 
few  small  tracts  of  land  on  the  north  side  of  Kaweah  River.  ItBlpr 
is  controlled  by  a  he^d  gate.  '  >■ 

Crowley  il^  Mehrtens  Bitch, — To  make  the  enumeration  of  the  oldiM|t 
gation  works  complete  it  is  necessary  to  mention  the  Crowley  &  ]4|||^ 
tens  Ditch,  which  was  a  small  ditch  in  use  for  some  years  on  the 
side  of  Kaweah  River,  westward  from  Wutchumna  Hill.  The 
the  ditch  was  near  the  northwestern  base  of  this  hill.  There  is 
ing  left  of  it  now  except  an  old  cut  in  rotten  granite  on  the  south 
of  the  river,  just  below  where  St.  Johns  River  leaves  the  Kaweah.  oi 

TULARE   IRRIGATION  DISTRICT. 

This  district  was  organized  in  September,  1889,  by  landowners  in  the 
vicinity  of  Tulare.  Those  dependent  upon  the  Rocky  Ford  Canal  and 
Cameron  Creek  for  their  irrigation  water  seem  to  have  been  the  prime 
movers  in  the  matter  of  district  organization.  The  lands  dependent 
upon  Packwood  Creek  (Bacon  &  Crossmore  Canal)  and  uiK)n  the  Kaweab 
Canal  were  mostly  excluded  from  the  district.  The  district  has  an  area 
of  39,200  acres,  including  the  2,500  acres  in  the  town  site  of  Tulare. 
After  much  preliminary  work,  involving  the  examination  and  surveying 
of  a  number  of  feasible  canal  routes  and  reservoir  sites  for  water  stor- 
age, it  was  decided  to  purchase  the  water  rights  of  the  Settlers  Ditcb. 
This  was  done  for  $100,0(M),  in  district  bonds,  through  an  agent,  who  at 
the  same  time  agreed  to  take  an  additional  block  of  district  bonds 
amounting  to  $50,000.  The  money  realized  from  this  bond  sale  was 
expended  in  constrm^ting  a  <*anal,  GO  feet  wide  on  the  bottom,  from  a 
point  on  the  north  side  of  St.  Johns  Kiver  about  one-half  mile  below 
Kocky  Ford  in  a  southwesterly  direction,  nearly  parallel  with  the  river, 
about  2.^  miles,  to  the  southern  base  of  Iron  Mountain,  where  the  canal 
water  is  carried  across  St.  Johns  Hiver  in  a  iiunie  9  feet  wide  and  4i 
feet  deej),  which  is  supported  by  two  bridge  spans.  The  course  of  the 
canal  from  St.  Johns  Kiver  is  a  little  west  of  south  to  Kaweah  River, 
which  is  crosstMl  in  a  similar  ilunie.  It  then  has  a  c<mrse  due  south  to 
a  junction  with  the  Kaweah  Canal.  Before  this  entire  canal  sectiou 
was  completed  the  available  Srlo,0()0  had  been  expended  and  the  dis- 
trict was  still  without  water.  The  Kaweah  and  l^ot'ky  Ford  canals 
frere  purchased  for  iiL^OOO.     Contrai^ts  were  let  for  l\\e  cou^txwfc^wvQl 
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lateral  canals  and  for  the  enlar^ment  and  completion  of  the  main  canal, 
work  being  practically  paid  for  in  btrnds  which,  it  was  understood, 
went  to  the  contractor  through  a  nominal  purchaser.  Main  distributa- 
ries were  carried  through  the  district  from  northeast  to  southwest,  and 
smaller  ones,  generally  on  land  lines  from  north  to  south,  completed 
the  canal  system.  The  aggregate  length  of  district  canals  is  said  to 
exceed  150  miles,  and  the  main  canal  capacity  is  given  at  800  second- 
feet.  It  should  also  be  said  that  the  completed  system  of  works 
involves  the  construction  of  a  storage  reservoir  at  Iron  Mountain,  to  be 
supplied  with  water  by  means  of  a  high  line  canal  with  head  some- 
where near  Dillons  Point.  The  reservoir  site  has  in  part  been  pur- 
chased. The  total  bond  issue  by  the  district  was  $500,000,  all  of 
which  has  been  disposed  of.  . 

The  area  of  land  irrigated  in  the  district  has  been  rapidly  extended. 
It  is  said  that  from  5,500  to  30,000  acres,  principally  in  alfalfa,  cereals, 
and  orchard,  have  actually  been  irrigated,  the  area  varying  within 
wide  limits,  according  to  amount  and  duration  of  the  water  supply. 
The  inflow  of  water  to  the  canal  is  controlled  by  means  of  three  head 
gates  or  regulators,  of  which  the  one  on  the  north  side  of  St.  Johns 
Biver  is  60  feet  wide,  and  each  of  the  others  25  feet.  They  are  all  of 
the  loose  flashboard  type,  the  several  openings  being  about  4  feet,  and 
the  drop  boards  being  supported  by  inclined  timbers.  A  canal  super- 
intendent has  general  charge  of  water  distribution,  and  he  is  assisted 
by  ditch  tenders.  Water  is  generally  available  during  the  four  months 
April  to  June,  inclusive.  Operating  expenses  are  met  by  charging  for 
water,  the  charge  being  fixed  at  50  cents  to  $1  per  acre  for  the  first 
irrigation  and  half  price  for  subsequent  wettings.  The  charge  in  1897 
was  50  and  25  cents.  The  tax  to  meet  interest  on  bonds  and  cost  of  its 
collection  has  been  1.85  to  1.90  per  cent. 

WATER  SUPPLY,  SOILS,  AND    METHODS  OF  IRRIGATION. 

Prior  to  the  great  changes  in  channel  alignment  eifected  by  the 

freshets  of  1861-62,  the  Kaweah  Eiver  waters  Si)read  at  high  stages 

over  what  was  known  as  Visalia  Swamp,  which  commenced  at  Wutch- 

umna  Hill  and  extended  southwesterly  about  0  miles,  with  a  width  of 

1  to  3  miles.    The  spreading  waters  were  reunited  in  various  channels, 

as  already  explained,  in  and  below  this  swamp.    Channel  capacity  was 

inadequate  to  pass  fiood  waters,  not  only  in  the  swamp,  but  also  below  it. 

It  was  inexpensive  to  divert  water  from  a  natural  channel,  or  even 

from  a  convenient  spot  in  the  swamp,  into  ditches,  and  the  use  of  water 

for  irrigation  commenced  soon  after  the  arrival  of  the  first  settlers.    A 

number  of  ditches  were  thus  in  use  when  the  regimen  of  the  river  was 

changed  by  the  freshets  above  mentioned,  and  entirely  new  works 

became  nei*.essary  in  some  cases  to  keep  the  ditches  supplied  with 

water.    It  was  some  time  before  the  magnitude  of  the  changes  in  the 

river  alignment  and  their  ultimate  efl'ects  were  fully  realized,  2^wvi  \i\i<dA. 
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relief  to  those  dependent  upon  the  more  soatherly  channels  for  water 
did  not  come  until  the  old  channel  of  Kaweah  Biver  was  reopened  as 
the  Fowler  Out  in  1877.  Meanwhile  there  had  been  a  contiDually 
increasing  demand  upon  the  several  river  channels  for  water,  and 
almost  every  season  at  the  close  of  the  river's  high  stage  there  was 
contention  and  strife  concerning  the  apportionment  of  the  low-water 
flow  to  the  different  sections  of  Kaweah  delta.  Farmers  who  had  set- 
tled on  Canoe  Creek,  Elbow  Creek,  and  Cross  Creek  had  become  aocos- 
tomed  to  regard  St.  Johns  Channel  as  the  principal  arm  of  the  river, 
and  dams  for  its  diversion  southward  into  and  across  Visalia  Swamp 
were  not  tolerated  without  protest.  When  the  low-water  flow  was 
Anally  restored  to  the  old  channel  numerous  attempts  were  made  to 
force  it  back  into  St.  eTohns  River,  and  amicable  adjustment  seemed 
out  of  the  question.  To  avoid  the  iK)Ssibility  of  having  a  permanent 
change  made  at  the  head  of  St.  Johns  River,  land  was  there  acquired 
by  the  principal  south-side  ditch  companies.  A  brush  dam  was  then 
tolerated  in  the  Kaweah  River  channel,  which  efifected  a  division  of 
the  flow  at  comparatively  low  stages,  but  the  exact  basis  of  water 
apportionment,  if  any  had  ever  been  agreed  upon,  is  not  known  to  the 
writer.  After  many  years  of  individual  etibrt  some  of  the  settlers 
were  forced  into  cooperative  measures,  as  already  explained,  with  some 
degree  of  success.  Had  there  been  greater  obstacles  to  overcome  iu 
securing  control  of  water  in  the  first  instance,  the  development  of  irri- 
gation might  have  been  less  rapid,  but  would  probably  have  been  ulti- 
mately effected  with  less  friction. 

The  ditches  and  canals  constructed  for  the  reclamation  of  Visalia 
Swamp,  as  already  referred  to,  were  hardly  necessary  as  drain  ways, 
because  the  increased  capacity  given  the  river  channels  by  the  freshets 
of  18()l-<i2  had  greatly  improved  drainage,  and  they  have  in  a  measure 
become  features  of  the  irrigation  system  of  this  river. 

The  s«rfa<*e  of  the  country  watered  by  the  many  delta  channels  of 
Kaweah  River  has  a  slope  from  east  to  west  of  about  6  to  7  feet  to  the 
mile.  The  portion  of  it  near  Visalia  and  thence  southwest  to  Tulare, 
which  is  generally  known  as  the  Four  Creek  country,  is  covered,  in 
some  places  very  densely,  with  a  growth  of  majestic  oaks.  The  soil 
in  the  upper  portion  of  Visalia  delta  is  a  rich  alluvial  loam,  generally 
sandy,  sometimes  heavy.  Near  the  river  the  soil  is  deep,  resting  on 
sands  or  gravel.  At  the  base  of  and  between  the  outlying  hills  on  each 
side  of  the  river  the  predominating  soil  variety  is  a  black  loam  or  dry 
bog,  containing  much  clay,  sometimes  gravel,  and  merges  into  the  heavy 
red  soil  of  the  upper  or  eastern  border  of  the  valley  ])lain.  Under  the 
soil  of  this  plain  a  hardpan  layer  several  feet  thick  is  nearly  every- 
where found  at  depths  of  from  1  to  5  feet.  Northward  from  Kaweab 
Jtiver  this  valley  [>lain  extends  in  a  broad  belt  along  the  foothill  base. 
The  soil  of  this  belt  is  of  the  usual  heavy  red  variety,  containing 
some  ^niveJ.  Its  surfhce  /s  very  generally  V>esY>rmV\^v\ 'wMXi  \\i^\o'« 
''^nands  usually  known  in  the  West  as  bog -wallow  a.    T\\eg:to\3LTL^^>aX^'^ 
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of  tliis  north-side  district  is  from  8  to  30  feet  below  tlie  Rurfjice,  depth 
increasing  northward  from  the  river  and  eaistward  toward  tlie  foothills. 
Westward  from  this  high  east-side  plain,  and  still  northward  from  tlio 
nVerdelta  lands,  the  soil  becomes  shallower  and  alkaline  salts  abound 
initssarftMse  layers.  In  the  Mill  Creek  country,  4  or  5  miles  westward 
trom  Yisalia,  the  hardpan  of  the  higher  plain  disappears,  but  the  ulka- 
liue  salts  remain  present  in  undesirable  quantity. 

The  soils  of  the  entire  delta  are  generally  sandy  loams,  chocolate 

colored,  deep  and  strong,  without  the  sublayers  of  hardpan  that  are 

characteristic  of  the  plains.    Ground  water  in  the  Kaweah  (or  Visalia) 

delta  is  usually  at  8  to  12  feet  below  the  surface.    Near  Tulare  and 

westward  from  that  town  the  soil  is  darker  than  in  other  portions  of 

the  ddta.    The  surface  of  the  soil  throughout  the  delta  is  smooth  and 

entirely  free  from  the  hog- wallows  of  the  adjacent  main  valley  uplands. 

Intermediate  between  the  Sierra  Nevada  foothills  and  Outside  Creek, 

and  southward  from  Kaweah  River,  is  another  belt  of  country,  3  to  10 

iniles  wide,  extending  far  southward  toward  Tule  Kiver  and  embracing 

xioany  acres  of  excellent,  rather  heavy  soil. 

The  light  average  annual  rainfall  in  the  Kaweah  delta,  only  about  9 
inches,  the  abundance  of  natural  water  courses,  and  the  ease  with 
"^hich  water  can  be  diverted  into  ditches  and  kept  under  control,  are 
^circumstances  which  have  combined  to  stimulate  ditch  and  canal  con- 
struction in  this  section  of  the  State,  but  not  for  speculative  purposes. 
Ihe  irrigation  works  are  almost  all  owned  by  the  farmers  who  need  the 
^ater.    There  are  but  few  irrigators  who  do  not  own  stock  in  some 
ditch  company.    All  irrigation  canals  in  the  delta  have  been  carried  in 
the  most  direct  lines  from  source  of  water  to  place  of  use.    They  are 
almost  invariably  located  on  lines  parallel  with  the  main  drainage  ]ines 
of  the  country. 

The  lands  watered  by  Kaweah  River  are  utilized  for  diversified 
fanning.  The  natural  growth  of  trees  and  grasses  has  always  been 
laxuriant  to  the  limit  of  the  overflow  from  the  delta  channels,  and  the 
construction  of  canals  and  ditches  has  greatly  increased  the  wet  area. 
Large  areas  are  m  use  as  natural  pastures,  particularly  to  the  east  and 
north  of  Visalia.  Wheat  still  remains  tlie  staple  farm  i)ro(lu(t,  but 
considerable  areas  have  been  planted  to  alfalfa,  while  the  orchard  and 
vineyard  and  the  occasional  truck  patch  give  evidence  of  the  ra]>i(l 
movement  toward  a  more  intense  cultivation  of  the  soil. 

The  aggregate  capacity  of  the  canals,  ditches,  and  water  courses 
whose  flow  is  under  the  control  of  ditch  companies  will  probably  exceed 
2,000  second-feet.  There  are  fortunately  many  years  in  which  for 
months  at  a  time,  and  just  when  water  is  most  needed,  the  flow  of  the 
river  is  in  excess  of  this  amount.  It  is  difticult  to  api)r()xiniate  the 
area  irrigated  or  benelited  with  water  from  Kaweah  River,  because  in 
many  instances  water  is  not  actually  applied  to  the  surface  of  the  land, 
but  reaches  the  soil  indirectly  through  sc^epage.  There  is  no  way  of 
collecting  even  imperfect  statistics,  however,  except  at  ^reat  VvvXiviv  \\i 
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the  field,  so  that  when  it  is  stated  that  aboat  50,000  acres  are  actually 
irrigated  and  an  additional  40,000  acres  are  more  or  less  directly  bene- 
fited with  water  from  this  river,  too  great  peliance  should  not  be 
placed  upon  the  statement. 

There  are  very  few  structures  of  any  kind  in  the  main  canals,  and 
but  few  are  required  to  regulate  the  grade.  Erosion  is  not  undesira- 
ble, as  the  canals  are  generally  long  and  water  is  taken  from  each  at 
comparatively  few  points;  hence  the  increased  cost  of  providing  weirs 
at  points  where  water  is  to  be  diverted  is  more  than  offset  by  the 
increased  capacity  resulting  from  erosion. 

All  structures  for  the  diversion  of  water,  except  dams  at  the  heads 
of  canals,  are  timber  structures;  none  are  of  brick  or  stone.    Dams 
across  natural  water  courses  are  generally  constructed  of  brush  or 
gravel,  and  require  some  annual  repairs.    No  extended  observations 
have  been  made  in  this  i^oction  to  determine  the  loss  of  water  from 
canals  in  transit  to  the  lands  irrigated ;  and  it  is  to  be  remembered  in 
this  connection  that  not  all  water  sinking  into  the  ground  from  natural 
or  artificial  water  courses  is  considered  lost,  because  it  is  this  very  los^ 
which  fixes  the  elevation  of  the  plane  of  subsurface  or  ground  water^^ 
and  the  position  of  this  ground- water  plane  often  has  a  direct  beariD^S 
on  soil  productiveness.    Throughout  a  large  part  of  the  Yisalia  dis  — 
trict  ground  water  is  within  reach  of  the  roots  of  trees,  alfalfa,  aD^3 
other  plants,  being  kept  there  by  the  water  which  sinks  from  naturalS 
and  artificial  channels  in  transit  to  lands  irrigated  and  by  the  watec== 
which  sinks  into  the  ground  on  irrigated  lands. 

The  method  of  applying  water  to  the  lands  to  be  irrigated  is  geuer — 
ally  by  flooding,  in  small  compartments  or  checks.    These  are  adaptedE- 
to  the  irregularities  of  the  surface,  being  made  rectangular  when  thc^ 
surface  is  sufSciently  level  and  smooth  to  permit  of  this  arrangement^-ii^ 
Crops  cultivated  in  rows,  such  as  beans,  potatoes,  and  corn,  al 
orclinrds  and  vineyards,  are  generally  irrigated  by  running  water  i 
small  ditches  or  furrows  between  rows.    In  the  case  of  these  prodac 
the  soil  is  plowed  or  cultivated  as  soon  after  irrigation  as  practicable. 

Here,  as  elsewhere  in  San  Joaquin  Valley,  alfalfa  is  irrigated  afteKT 
each  cutting  (about  every  five  or  six  weeks)  so  long  as  water  is  avail— 
able.  Orchards  and  vineyards  receive  water  frequently  during  tb 
spring  months,  and  also  in  the  summer  if  water  holds  out.  Corn  i 
irrigated  once  or  twice,  according  to  the  condition  of  the  ground  at  th 
time  of  planting.  Grain  is  rarely  irrigated;  vegetables,  very  copiousl 
and  frecjuently. 

No  attention  has  as  yet  been  paid  to  soil  drainage.  The  many  coi*^' 
paratively  deep  natural  channels  in  the  delta  have  kept  ground  wat*^^ 
so  Ihr  below  the  surface  that  the  area  in  need  of  drainage  is  relativel  -3 
small.  As  irrigation  systems  are  further  expanded  throughout  tV^  * 
delta  it  may  be  that  subsurface  soils  will  receive  water  more  ra[)id  ^  - 
////?//  it  can  /mss  off'  from  tJiein,  and  in  sucU  cas^  \m\)TONeA.  dx^vuvv 
fj'st&ws  M'jJJ  beeouio  a  uccessity. 
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KINGS  RIVER. 

HYDROGRAPHY. 

Tbe  drainage  basin  of  Kings  River  above  the  eastern  margin  of  Sau 
Joaquin  Valley  has  an  area  of  1,742  square  miles.  The  river's  water- 
shed extends  to  the  main  summit  of  the  Sierra  Nevada.  Less  than 
half  of  it  is  to  be  classed  as  low  mountainous,  all  the  rest  being  high 
mountainous  country.  The  snowfall  of  the  winter  melts  but  slowly 
during  the  spring  months,  consequently  the  river  reaches  its  ordinary 
high  period  late  in  spring  or  early  in  summer.  The  river  is  generally 
low  from  September  to  the  end  of  January;  it  is  at  a  medium  stage 
during  February,  March,  and  August,  and  is  high  from  the  beginning 
of  April  to  the  close  of  July.  The  month  of  least  flow  during  the  six 
years  1878-1884  was  November,*  the  average  mean  flow  having  been 
313  8econd-feet,  and  the  least  flow  for  a  single  month  220  secon<l-feet. 
The  extreme  low-water  flow  of  the  river  has,  no  doubt,  been  somewhat 
below  the  least  monthly  mean.  At  mediuui  stages  the  river  carries 
1^000  to  2,000  second-feet  of  water;  during  its  high  stages  its  monthly 
mean  ranges  from  4,000  to  over  8,000  second-feet.  The  maximum  flow 
of  the  river  during  the  six  years  above  named  occurred  in  June,  1884, 
the  extreme  limit  having  been  about  30,000  second-feet. 

A  gaging  station  was  established  on  this  river  September  3, 181)5,  by 
the  United  States  Geological  Survey.  It  is  located  about  15  miles  east 
of  Sanger,  3  miles  below  Jarrett  Ranch,  and  southwest  of  a  hill  well 
named  Red  Mountain.  The  station  is  equipi)ed  with  a  steel  cable,  car, 
and  tagged  wire.* 

The  results  of  these  measurements  show  for  the  year  1890  a  maxi- 
mum discharge,  which  occurred  in  May,  of  22,100  second-feet,  and  a 
minimum  discharge,  occurring  in  October,  of  310  second-feet.  The 
average  discharge  for  that  year  was  2,582  second-feet.  Similar  figures 
for  1897  are  as  follows:  Maximum  discharge,  22,730  second-feet,  o(;cnr- 
ring  in  May;  minimum  discharge,  250  second-feet,  in  September,  with 
an  average  discharge  for  the  year  of  2,933  second-feet. 

The  Southern  Pacific  Railway  Company  has  maintained  gage  height 
readings  at  their  bridge  on  the  lower  Kings  River  1  mile  from  Kings- 
burg  since  1879.  The  Geological  Survey  has  taken  a  number  of  dis- 
charge measurements  at  this  point,  but  owing  to  the  shifting  character 
of  the  stream  it  has  been  found  impossible  to  construct  rating  tables 
for  same.^ 

'  See  Physical  Data  and  Statiatica,  Wm,  Hnm.  Hall,  Stat«»  Eii^ilneer  of  California,  pp.  452, 476. 

»  BalLU.S.Geol.  Survey  No.  140, 1896.  p.  2«0:  Eiglitronlli  Ann.  Kept..  Part  IV,  1897.  p.  390;  Water- 
Supply  and  Irrigation  PaptT  No.  11, 1807,  p.  92;  Water-Sopply  and  Irrigation  Paper  No.  16,  1898.  p.  191. 

•Twelfth  Ann.  Kept.  U.S.Geol.  Survey,  Part  1I,18>1,  p. 320,  PI.  LXXXII;  Bulletin  No.  131,  1895, 
p.  80,  Bulletin  No.  140, 1896,  p.  284  ;  Eiulite.ntli  Ann.  Kept..  Part  IV,  1897,  p.  393;  WaterSupply  and 
Irrigatiuu  Paper  No.  11, 1897,  p.  920,  Water-supply  and  Irrigation  Paper  No.  16, 1898.  p.  192. 
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Efttinmted  monthly  discharge  of  Kings  River  at  Red  Mountain,  CaH/omia. 

[Drainage  area,  1,742  square  miles.] 


Month. 


1896. 
January  ... 
Febrmiry  .. 

March 

April 

May 

JuDe 

July 

August 

September  . 

October 

November . . 
December  . . 


Discharge  (in  second- feet). 


Maximum.  '  Minimum. 


The  year. 

1897. 

January  

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


The  vear 


11,020 
1, 140  ' 
7,020 
4,600 
22, 100 
18,920 
6,680 
1,212 
590  ! 
510  ' 
1,076  I 

I 

550  I 

22, 100  i 

i 

624  ; 

6,344  : 

4,408  I 

9,380  I 

22, 732  I 

10,580  , 

4,040  ' 

1,100  ' 

480 

572 

2,520 

8,348 

22, 732 


390 
728 
820 
820 
1,140 
5,160 
1,212 
590 
390  i 
310  ! 
390  , 
470  i 


310 


360 
1,100  I 
1,240  I 
1,930 
6,344  , 
2,520 
1,036 
440 
250 
270 
360 
572 


250 


Mean. 


Total 
(in  acre-feet). 


1.474 

825 

1,710 

1,938 

5,918 

12, 737 

3,742 

795 

491 

350 

538 

466 


"I 


437 

1,631 

1,884 

5,318 

14, 470 

6,145 

2,177 

739 

329 

394 

692 

985 


1| 


2,933 


Ran-off. 


Depth   '  ^«"; 
(in  inShes).  |  ^'^ 


90,682 

47, 477 

105, 181 

115, 349 

363,890 

757,922 

230,110 

48,938 

29,234 

21,520 

32,043 

28,659 


2,582  1  1,871,005 


26,870 

90,581 

115, 843 

316, 442 

889,731 

365,652 

133,859 

45,440 

19,577 

24,226 

41, 177 

60,566 

2, 129, 964 


II 


!l 


il 


II 


0.98  I 

.51 

1.13  I 

1.24 

3.90  I 

8.15 

2.48  I 

.52 

.31 

.23 

.35 

.31 


20.11 


0.29  ^ 
.96 
1.22  ; 
3.33  I 
9.40  1 


3.87 


1.41 
.47 
.20 
.25 
.44 
.63 


22.47 


Kings  River  enters  Sau  JotKiuiii  Valley  from  the  east  about  20  u 
east  of  Fresno.  Before  reaching  Centerville  Bottoms  the  river  fl 
in  a  broad  bed  of  cobbles  from  which  the  hills  rise  quite  abru 
toward  the  north  and  toward  the  south.  The  hills  retreat  from  the  r 
somewhat  at  the  upper  end  of  Centerville  Bottoms,  forming  a  we< 
shaped  valley  that  opens  into  the  main  San  Joaquin  Valley  al)o 
miles  farther  west,  at  Centerville.  The  northern  portion  of  this  K; 
liiverspurof  San  Joaquin  Valley  may  be  regavdeOL  v\s  ^  ^^«;ow^ot  w 
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boltoui;  tlie  Pontbem  portion,  lyinf;  at  a  lower  level,  in  tlie  iipjK'r 
ilivision  of  Centerville  Bottoms,  'i'bese  bottom  lua<lti.  whicli  liave  a 
leugth  of  about  9  miles,  are  depressed  below  tlie  general  surface  of  tbe 
San  JotM|atD  Valley  plaiu,  being  about  10  feet  lower  than  the  Rumc  at 
their  npper  limit  and  aboQt  60  feet  below  the  same  at  the  ^arrowK, 
There  the  main  valley  plain  drops  in  abrapt  blnffs  to  the  banks  of  the 
Hver  as  it  emerges  from  tliese  bottoms  at  their  southeastern  extremity. 
Prom  this  point  southward  for  about  12  miles  the  surface  of  the  main 
TiHey  has  greater  fall  than  the  river,  gradually  ai>{iroachiug  its  level, 
iBd  near  Kingsborg  the  bluflb  opoD  either  aide  of  the  river  entirely  dis- 
^pear.    It  is  here  that  the  Kings  River  delta  begins. 

Throngh  Centarvllle  Bottoms  the  river  flows  in  numerons  channels, 


Fid.  B^IMHihuKa  of  RinKB  Blvar  mt  B«l  UoanUiii.  Cklifornia.  18M. 

the  main  stream  having  a  length  of  about  14  milet*  and  a  total  fall  in 
that  distance  of  about  120  feet.  The  beds  of  these  streama  are  for  the 
most  part  formed  of  deposits  of  cobbles,  gravel,  and  sand.  Channel 
banks  are  rarely  high  or  well  defined.  Below  the  Narrows  the  fall  nl 
the  river  is  only  2  feet  to  the  mile,  which  i.s  maintained  with  reasonable 
uniformity  to  the  outfall  of  the  main  channel  into  Tulare  Lake. 

From  the  head  of  Cole  Slongb,  2  miles  south  from  Kingsbury,  the  main 
channel  of  Kings  River  has  a  southwesterly  course  for  a  distance  of  :t5 
miles  to  the  trough  of  San  Joaquin  Valley ;  its  course  thenoo  is  south 
about  11  miles  to  Tulare  Lake. 

Cole  Slougb,  the  uppermost  arm  of  the  river  thrown  oft'  toward  the 
north,  has  a  eonrse  nearly  parallel  with  tlie  main  channel  of  the  river 
some  miles,  then  flows  iiortliwcMterly  and,  together  with  other  delta 
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vhaiiuels,  ilelivem  its  wat«r  into  Fresno  ^waai]),  tlirongh  whicb  it  flon 
into  Sail  .loaiiuiii  Itiver.     Kingd  River  liasbut  asiiigle  tribatary  belov 
the  {K>iiit  where  it  eiitertt  Han  .Joa({ain  Valley.    Tliis  in  Wahtoke  Oiee^ 
a  small  foothtll  Atreain  wliicli  readies  the  river  &om  the  east  at 
NarroffK.    Owing  to  scant  rainfall,  there  is  bat  little  mn-off  from 
lands  of  the  jilaius,  and  this  is,  as  a  rule,  away  from  the  main 
and  not  toward  it. 

Canals  am!  diti'hes  from  this  river  are  to  be  divided  into  two  priod 
pal  groups,  of  whi<;h  one  embraces  those  which  leave  the  river  at 
upiier  eud  of  Oentervillo  Bottoms  and  the  other  those  of  thedelta.   Ai 


e  these  groups  may  be  again  subdivided  according  to  locatic  I 
of  tracts  irrigated,  and  will  be  treated  under  appropriate  sabbeadingi-  1 

CANALS  AND  DITCHES. 

Kingii  R'trcr  A;  Fresno  Canal. — This  is  the  opper  north-side  canal 
from  King.-)  River.  Its  head  is  5^  miles  above  Centerville.  The  can^ 
receives  water  through  the  bead  of  a  nntnral  channel  or  arm  of  tb* 
river  which  lias  a  ]K>3ition  at  the  base  of  the  low  north-side  slope  that' 
rises  from  the  border  of  the  river  bottoms.  Within  a  mile  of  its  head 
the  canal  is  carried  in  a  cut  northwestward  out  upon  the  surface  of  th^ 
second  bottom,  and  a  half  mile  beyond  its  wiUer  i»  dropped  into  » 
small  natural  channel  known  as  Mnnis  Slough.  After  flowing  in  tki9 
southwesterly  for  a  mile,  the  water  is  carried  westward  in  a  cat  lea* 
than  one-half  mile  in  length  to  i\ip  Slough,  from  which  it  is  again 
reclaimed  1  \  miles  below.  The  course  of  the  canal,  now  in  an  artifieii^ 
channel,  i.s  thence  westerly  across  Fanshuw,  Hed  Bank,  aud  Frolic 
creeks  into  the  Dry  Creek  district  northeastward  fnnn  Fresno. 

Tlie  cut  from  Centerville  Cliiiunel  of  Kings  Kiver  to  Burns  Slongli 
has  ii  bed  widtb  of  about  'M  feet.  liclow  that  point  the  canal  width  is 
quite  irregular,  ranging  from  about  15  to  2i  feet.  The  flumes  over 
creeks  are  Hi  feet  wide,  with  sides  '.i  fi-et  high.  The  longest  one  is  tliftt 
across  Ited  Bank  Creek,  which  Inis  a  length  of  »l>  feet.  The  fallof  tlio 
iiiaiu  eaniil  is  lar  in  excess  of  what  might  be  considered  necessary,  its 
course  being  almo-it  In  the  direction  of  greatest  fall  of  the  ground's 
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surface.  This  results  in  no  injury  to  bank  lands  in  the  upi)er  section 
of  the  canal,  where  a  firm  substratum  sets  a  limit  to  erosion,  but  has 
made  the  ui?e  of  frequent  check  weirs  or  drops  necessary  iu  its  lower 
sections,  particularly  at  points  where  water  is  delivered  into  branches. 

The  construction  of  this  canal  was  commenced  in  1872.  At  that 
time  a  regulator  was  placed  in  its  head  at  Centerville  Channel  of  Kinjrs 
River.  The  following  year  the  cut  to  Burns  Slough  was  made  and  the 
canal  was  extended  westward  upon  the  valley  plain.  The  canal  was 
intendeil  primarily  to  supply  water  to  landowners  who  had  become 
stockholders  in  it,  but  the  sale  of  water  was  not  restricted  to  the  stock- 
holders. The  company's  cai)ital  Ptock  was  fixed  at  ?1(K),0()0,  in  1,(M)() 
shares.  Water  is  sold  at  rates  annually  determined,  not  exceeding  S.">() 
per  second  foot  for  stockholders  and  $75  per  second-foot  for  other  irri- 
gators. The  sale  of  water  covers  all  expenses  of  management  and 
repairs.     The  first  cost  of  the  canal  was  about  850,0(M). 

As  a  result  of  adverse  claims  to  the  use  of  Centerville  Channel  the 
canal  company  was  in  conflict  with  the  Fresno  Canal  and  Irrigation 
Company  until,  in  1875,  it  was  agreed  that  the  water  in  the  regulator 
of  the  Kings  Hiver  &  Fresno  Canal  should  be  maintained  at  1  foot  in 
depth  during  the  low-water  period  of  the  river  until  there  was  less 
than  1  foot  in  depth  in  the  regulator  of  the  other  canal,  and  that 
thereafter  equal  dei)ths  should  be  maintained  in  both  regulators. 

The  distribution  of  water  to  ditches  of  consumers  is  in  charge  of  a 
canal  sui)erintendent.  ^o  system  of  measurement  is  in  use.  Water 
is  delivered  to  each  ditch  on  the  judgment  of  the  sui>erinten(lent  in 
proiwrtion  to  the  number  of  second-feet  to  whicli  each  ditch  is  entitled. 
No  attempt  is  made  to  effect  actual  delivery  of  the  anumnt  of  water 
bargained  for.  Any  number  of  irrigators  may  unite  and  have  the 
aggregate  amount  to  which  they  are  entitled  delivered  through  one 
gate. 

The  Enterprise  Ditch  was  the  result  of  such  combination  of  interests. 
It  was  constructed  about  1885.  It  received  water  for  a  time  Ironi  th(^ 
main  canal  at  the  point  where  its  waters  are  dropped  into  Kip  Slougli, 
and  tiikes  a  westerly  course  along  the  base  of  the  north-side  foothills. 
Rounding  the  i)oint  of  these  about  2A  miles  north  of  (Centerville,  its 
course  is  northerly  for  4  miles,  thence  westerly  about  S  miles,  gen- 
erally 3  to  4  miles  north  of  the  main  canal.  This  diteh  was,  a  few 
years  after  construction,  sold  to  the  Fresno  Canal  and  Irrigation  Com- 
pany in  consideration  of  40  water  rights  that  were  issued  to  its  owikts. 

Fnxito  Canal, — The  head  of  Fresno  Canal  is  about  l.\  miles  h(»low 
tiic  head  of  the  Kings  Kiver  &  Fresno  Canal;  also  on  the  north  side 
of  (^'nterviile  Channel.  A  short  artificial  channel  having  a  westerly 
C4)nrsc  drops  the  water  of  the  canal  into  Chambers  Slough,  wliich  is  a 
dt»pressi<m  at  the  base  of  the  low  bluff  at  the  northern  margin  of  the 
bf  ttonis.  This  has  been  converteil  into  a  section  of  the  canal  by  the 
construction  of  a  levee  along  its  south  bank  to  a  point  a  little  over  a 
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uiUt  from  the  bead  of  tlie  canal.  Tbere  the  canal  enters  Long  Cu^ 
which  extends  westwuni  in  n  rlirect  line  a  little  over  one-half  mile  ami 
carries  the  canal  water  into  tinotlier  natural  channel,  Barns  Slongli, 
which  connects  with  Kip  Slough  a  short  distance  below.  Long  or  Big: 
Cut  pierces  the  riiuland  which  borders  Geuterville  Bottoms  on  the 
north.  It  has  a  greatest  depth  of  about  10  feet  and  a  width  of  G5  feet. 
Kip  Slough  is  ntili;:ed  for  the  canal  for  a  little  over  a  half  mile.  It  is 
thence  carried  westerly  nearly  2  miles  in  an  irregular  natorol  depres- 
sion, which  was  converted  into  a  canal  by  constructing  embaDkmenta 
along  the  south  bank  of  the  proposed  water  way.  From  this  depres 
sion  an  artificial  channel  only  about  dOO  feet  long  drops  the  oaaal  watec 


into  Mud  Creek,  down  which  it  flows  in  a  noutli westerly  direction  3  tc» 
miles  to  Fancher  (Faushaw)  Creek,  which  then  bocomea  the  ma.'' 
channel  of  the  creek  to  a  point  about  3  niilas  east  of  Fresno. 

Where  Fresno  Canal  leaves  Kip  or  Lone  Tree  Slough  the  sloa(;h  is 
closed  by  means  of  an  embankment,  in  which  a  gate  has  been  placed, 
throngh  which  water  is  delivered  into  the  lower  section  of  the  slongli, 
which  is  also  known  as  the  Kiugsborg  branch  of  Fresno  Canal.  Thig 
branch  delivers  water  to  the  nigliland,tboGartie1d(wbicb  also  recefTca 
water  from  other  sources),  the  McCall,  and  the  Sclina  ditches. 

The  main  canal  may  be  reganled  as  terminating  in  the  old  sink  of 
Fancher  Creek,  about  3  miles  east  of  Fresno.  From  that  point  it 
sends  southward  its  Washington  Colony  branch  and  southwestward 
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Central  Colony  branch,  from  which  there  is  another  brauch  to 
sno  Colony.  At  the  Hobler  Dam,  abont  8  miles  east  of  Fresno,  a 
Qch  is  taken  out  toward  the  south  aud  reaches  Fowler  and  the  col- 
.»$  in  its  vicinity,  and  another  branch  is  carried  westward  from  the 
th  side  of  the  main  canal  to  portions  of  the  Easterby  ranches. 
0  miles  above  the  Hobler  Dam  the  principal  north-side  diversion  is 
de.  This  is  known  as  the  Mill  Ditch,  which  for  many  years  furnished 
ver  to  a  flour  mill  in  Fresno,  and  delivered  the  water,  after  use  for 
rer,  to  the  colonies  southwestward  from  Fresno.  The  ditch  through 
isno  and  this  north- side  branch  has  become  the  feeder  of  the  Bank 
id  Canal,  which  conveys  water  northwesterly  to  a  large  tract  of 
d  northwest  of  Fresno.  Another  north-side  branch  of  the  Fresno 
lal  is  the  Enterx)rise  Ditch,  which  has  already  been  referred  to  in 
cribing  the  Kings  River  &  Fresno  Canal  (p.  43).  This  ditch  was 
'chased  for  40  water  rights. 

iO  attempt  will  here  be  made  to  describe  or  even  to  enumerate  the 
ny  small  branches  of  this  canal,  particularly  as  some  of  these  are 
led  independently  and  often  receive  water  from  other  sources  as  well 
from  the  Fresno  Canal.  It  may  be  sufficient  to  state  that  the  aggre- 
»  area  covered  by  water  rights  (each  nominally  1  second-foot  to  160 
•es)  exceeds  160,000  acres. 

Che  history  of  this  canal  construction  is  not  without  interest.  Oper- 
ous  on  it  commenced  in  1870  with  the  posting  of  a  notice  of  a  claim 
water  "to  be  taken  from  Kings  River  at  the  upper  end  of  Sweem's 
tch,  20  feet  on  the  bottom,  30  feet  on  the  top,  4  feet  deep.'-  This 
lim  was  made  by  Mr.  M.  J.  Church,  who  a  month  later  acquired  a 
o-thirds  interest  in  the  Sweem  Ditch.  The  Sweem  Ditch  was  a  small 
tell,  the  construction  of  which  seems  to  have  been  commenced  in  1870, 
tiicb  was  intended  to  increase  the  flow  of  what  was  then  known  as 
e  Centerville  Ditch.  Its  upper  section  was  enlarged  and  became  the 
■ad  section  of  Fresno  Canal.  In  1872  a  regulator  or  head  gate  was 
nstructed  in  the  head  of  the  Fresno  Canal,  and  in  the  spring  of  1874 
small  cut  on  the  line  of  the  present  Long  Cut  was  completed  from  the 
nterville  Ditch  to  the  lower  sections  of  the  Fresno  Canal,  on  which 
)rk  had  meanwhile  been  pushed  to  the  limit  of  the  means  of  the  pro- 
tor  ©f  the  work,  Mr.  M.  J.  Church.  This  small  connecting  ditch  is 
ported  to  have  had  a  bed  width  of  only  5  feet  on  a  grade  of  5  feet  to 
e  mile.  As  the  alignment  of  a  part  of  the  older  Centerville  Ditch 
iH  in  time  to  become  the  alignment  of  a  section  of  the  Fresno  Canal, 
<l  because  it  seemed  desirable  to  secure  the  water  rights  accjuired  by 
li  Centerville  people,  arrangements  were  made  to  obtain  control  of  the 
1)oration  known  as  the  Centerville  Canal  and  Irrigation  Company,  and 
fansfer  of  their  ditch  property  was  made  to  the  Fresno  Canal  and  Irri- 
tion  Company.  This  was  in  1874.  As  soon,  however,  as  the  settlers 
ir  Centerville  realized  what  their  officers  were  doing  tVvek  (V^\\\aw^^^vvc 
t treatment  at  the  bands  of  the  Fresno  Canal  aud  lmga.V\ow  V!,o\xir 
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pauy  were  made  so  emphatic  that  those  who  were  entitled  to  water  ii» 
the  older  ditch  were  granted  water  rights  in  the  new  canal  for  theiP 
lands  in  i)erpetuity,  without  limit  as  to  quantity  and  free  from  expense 
assessments.    Abont  1,500  to  2,000  acres  of  hind  are  thus  covered.    In 
1875  it  became  necessary  to  enlarge  the  cut  westward  from  the  Genter- 
ville  Ditch,  and  to  this  end  labor  was  bargained  for  with  farmers  who 
wanted  water  delivered   to   their  lands  through   Lone  Tree  Creek. 
Thirty-five  water  rights  were  issued  to  farmers,  who  completed  it  in 
June,  1875.     Meanwhile  other  parties  besides  Mr.  Church  had  become 
financially  interested  in  the  enterprise,  notably  Mr.  P.  Y.  Easterby,  ami 
later  Mr.  W.  S.  Chapman.    It  wa«  not  profitable,  however,  at  the  out- 
set, and,  as  the  indirect  result  of  overspeculation  in  wheat  by  outside 
l)arties  and  failure  to  increase  loans,  a  transfer  of  the  property  in  ISTG 
to  the  Bank  of  Nevada  became  necessary.    The  management  of  the 
property  by  this  bank  was  expensive  and  gave  no  promise  of  success*. 
It  was  not  long,  therefore,  before  the  original  projector  of  the  enterpriso 
was  sent  for  and  the  property  was  sold  to  him,  on  the  execution  by  hiiu 
of  a  long-term  note,  for  $28,000.    By  this  time  a  number  of  large  hold' 
ings  of  land  had  been  subdivided  and  sold  in  small  tracts  and  had 
become  dependent  upon  the  (?anal  for  water.     Notable  among  these 
early  colonies  are  Central  Colony,  2,040  acres,  and  Temperance,  Chorcb, 
and  Nevada  colonies,  each  (540  acres.    These  colonies,  together  with  the 
Pioneer  vineyard  on  the  F.  T.  Eisen  tract,  soon  demonstrated  the  great 
productiveness  of  the  Fresno  sand  plains,  and  the  development  of  that 
region  was  rapid  during  the  next  decade.    The  sale  of  water  rights  had 
progressed  steadily,  so  that  in  1884  about  400  had  been  issued  or  bar- 
gained for,  and  their  price  had  increased  from  $200  to  $800  each. 
Later  their  price  wa«  fixed  at  $1,G00  by  the  canal  management. 

A  water  right,  as  issued  by  the  comi>any,  is  the  right  to  use  one- 
thousandth  i>art  of  the  fiow  of  the  canal,  not  in  excess  of  1  second-foot, 
on  a  si)ecified  tract  of  100  acres.  The  canal  company  reserves  the 
privilege  of  issuing  1,000  water  rights  without  enlarging  the  main 
canal.  Each  purchaser  of  a  water  right  agrees  not  to  use  the  water, 
or  permit  it  to  be  used,  on  any  other  land  than  that  for  which  the  right 
is  ])urehased,  nor  to  permit  the  water  to  run  oft*  ui)on  (^ntiguous  land 
or  in  any  other  way  to  run  to  useless  waste,  and  he  agrees  to  retnm 
surplus  waters  back  into  the  main  canal  or  a  branch  thereof.  Each 
water  right  remains  subject  to  an  annual  expense  assessment,  which 
ranges  from  ><S0  to  8100.  Water  is  delivered  without  any  attempt  at 
measurement  to  each  irrigator  at  any  point  on  the  company's  ditch 
system  that  he  may  select.  No  transfer  of  a  water  right  can  be  made 
except  with  the  land  which  it  covers.  Each  purchaser  of  a  water  right 
grants  to  the  canal  company  the  right  of  way  for  ditch  and  canal 
puri)oses  through  any  lands  lying  in  the  same  township  as  the  tract 
for  whi('h  water  is  bought,  and  concedes  to  the  company  the  right 
to  use  his  i)rivate  ditch  provided  the  company  does  not  use  it  bo  as  to 


■ 

r 

'^^'-^ 

-  ^^1 

■i- 

j^^H 

i      1 

-M 

'  f^l 

^^3 

ny^n.]  FRESNO   CANAL.  47 

iterfere  with  the  delivery  of  his  water.  The  purchaser  of  a  water 
ight  further  obligates  himself  to  x>ay  to  the  canal  company  annually 
Q  agreed  sum  (this  has  usually  been  $100),  and  in  default  of  payment 
ir  thirty  days  to  forfeit  his  water  right.  The  water-right  agieement 
nrther  sets  forth  that  the  company  shall  not  be  responsible  for  defi- 
ieiicy  in  water  supply  caused  by  drought,  insutticiency  of  water  in  the 
iver,  hostile  diversion  or  obstruction,  forcible  measures  or  temjwrary  * 
bniage  by  floods  or  other  accidents,  but  that  it  shall  use  and  employ 
ill  due  diligence  at  all  times  in  restoring  and  x>i'Otectiiig  the  flow  of 
rater  in  its  canals. 

The  structures  on  the  canal  do  not  deserve  extended  notice.  They  are 
ill  made  of  timber.  The  original  regulator  has  been  rei)laced  by  a 
lecond  one,  constructed  about  1884,  shown  in  PI.  VIII,  .1  and  B,  It 
wnsists  of  a  substantial  framework  of  heavy  timbers,  spaces  between 
vertical  posts  being  closed  by  vertical  sliding  gates.  From  the  head 
pite  an  embankment  of  cobblestones,  gravel,  and  sand  extends  north- 
ward across  Centerville  Bottoms  to  a  connection  with  high  land,  and 
jreveuts  destruction  of  the  upper  section  of  the  canal  during  freshets. 
The  diversion  of  water  into  the  head  of  the  canal  is  eflected  by  means 
)f  a  hrush-aud-cobblestone  dam,  as  shown  in  PI.  VII,  the  mainte- 
laiice  of  which  in  the  past  has  not  been  expensive.  Along  the  line  of 
ulie  canal,  wherever  necessary  to  prevent  excessive  erosion,  or  where 
re^juind  to  turn  water  into  a  branch  ditch,  light  timber  weirs  are  in 
nse.  Most  of  these  consist  of  two  side  or  bulkhead  walls  and  a  floor, 
asually  placed  a  little  below  the  grade  of  the  canal,  and  a  line  of  verti- 
i^ai  posts  supi)orted  by  braces  from  below.  Spaces  between  posts  are 
closed  to  the  desired  height  either  by  fixed  horizontal  boarding  or  by 
movable  drop  timbers  or  boards. 

Tlie  impression  which  the  whole  work  gives  is  that  of  haphazard 
Management,  the  result  of  which  is  not,  however,  entirely  unstitisfac- 
tory. 

The  control  of  the  canal  long  ago  passed  out  of  the  hands  of  Mr. 
Clmrch,  who  eflected  a  profitable  sale  of  the  proi)erty.  It  is  now 
'managed  by  parties  who  also  own  controlling  interests  in  the  Kings 
Kiverand  Fresno  Canal  Company  and  who  liave  acquired  the  property 
'^Jiown  as  Rancho  Laguna  de  Tache.  It  remains  to  be  added  that 
these  parties  as  owners  of  the  rancho,  which  is  located  on  lower  Kings 
^^Jver,  have  entered  into  a  contra<*t  with  the  Sunset  irrigation  district 
'^Jider  the  terms  of  which,  in  consideration  of  a  reservoir  site,  a  right  of 
^'\v  for  a  canal,  and  a  waiver  of  riparian  rights,  the  irrigation  district 
^<^8l)aid  to  the  owners  of  tiie  rancho  !?25(),0()0  in  bonds  and  has  agreed 
Omake  no  demand  for  water  until  3,500  second -feet  of  water  are  avail- 
able for  the  Fresno  Canal  and  the  canal  of  the  rancho. 

Centerville  Ditch. — This  is  at  i)resent  a  braiKtli  of  tlit»  Fresno  Canal, 
'twas  constructed  in  1868  nnd  ISfJf)  by  settlers  wcvw  Ce\\\e\:v\W,  Vxw'^ 
^i/^.i  Biver).    They  organized  a  company  known  as  l\\ii  Ccv\vV^\\'\\\v^ 
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Caual  iiiid  Irrigation  Company,  which  waa  incorporated  in 
181)8.  This  company  set^uiH  to  have  been  the  nnccessor  in  in 
all  i-ij;lit8  iK-i|tiired  by  some  of  the  xettlers  vliose  lirat  f  teps  to 
water  were  taken  in  18li,5.  The  canal  waa  constructed  sonthm 
fi-oia  a  [mint  near  wlieni  tlie  bead  of  tbe  Kings  Biver  &  Fresno 
now  iH  about  2i  niileit  to  Rani»  Slough;  thence  this  slough 
■utilized  fur  about  a  mile  to  a  jtnint  a  Riiort  distance  below  the 
Cut,  and  tlieiice  the  ditcli  was  extcndeil  southwesterly  about  3  uilci^ 
I'arthcr  to  landH  at  and  wemt  of  Ccnterviile.  The  csinal  property  «*' 
transferi'ed  to  the  I'^resiio  Ciinal  and  Irrigation  Oompauy  iu  187i,b< 
those  who  liad  Be<rure4l  conti'ol  of  the  stock,  and  the  opposing  minini; 
inten'Sts  were  ttnally  pliu:au>d  l>y  the  issuance  of  perpetnal,  anaBsi* 
able  water  rights  in  the  newer  canal  to  stockholders  who  owDe«l  liDd» 
near  Ct^utcrville. 

SiFtcm  IHU-ii. — This  ditch  was  never  completed.  Its  coitsUitrtvw 
was  commeni-ed  in  1870  from  a  point  near  the  present  heud  ofjlu 
Fi-L'sno  Canal,  iiractically  on  the  alignment  anbseqnentiy  adoyfl^iB 
that  tuiiuil.  ItK  puriwae  waa  to  increase  the  delivery  of  VflMV* 
Burns  Slough  for  the  Ceiiturville  Ditch.  It  was  sold  before  complete 
to  the  parties  who  were  at  work  on  tlie  Fresno  Canal  project,  aiid 
within  a  I'ew  years  it  was  transtbnued  into  a  large  canal,  aa  alreiuly 
oxpl  allied. 

Fowler  Sicitck  VuiuiL — The  heiwl  of  the  Fowler  Switch  Canal  is  in 
Centerville  Bottoms,  about  H)ll  yards  below  the  head  of  the  Fresno 
Canal.  Its  course  is  southwesterly  for  IJ  miles  in  Centerville  BottenUi 
thence  westerly  for  li  miles  iwross  the  second  bottoms  to  near  tbe 
channel  of  Lone  Tree  Creek,  thence  southwesterly  10  miles  and  Mlth- 
ci'ly .')  milrs  to  a  iwiint  about  midway  between  Fowlerand  Selma,  thwrn 
southwesterly  .~>  miles,  thence  northwesterly  into  thedistiict  soathmnl 
from  the  Washington  Colony.  The  canal  is  said  to  have  been  boQtto 
carry  1,5(K)  sei-ond-t'eet.  Its  betl  width  is  abunt  1.5  feet,  ita  d^itb 
variable.  The  gradient  is  very  irregular,  being  tlat  of  the  natual 
surface  of  tlie  j^rouiid  in  its  npi)er  sections,  where  a  quite  firm  hard- 
pan  i'ormath>n  is  relied  upon  to  check  excessive  erosion  of  the  oannl 
bod.  Near  the  lower  end  of  the  canal  it  was  given  a  fall  of  1.92  feet 
to  the  mile. 

It  was  pn>[i03ed  to  use  no  check  weirs  to  reduc*  the  fall,  which  for 
short  distjinces  was  as  gi-eat  as  12  feet  to  the  mile,  and  to  put  lateral 
ditches  ivt  a  Inwer  elevation  than  the  main  canal,  so  as  to  reduce  tbe  ' 
necessary  structures  to  a  minimuui.  It  was  soon  fouiid.  however,  tUnt 
weirs  would  be  necessary  at  some  points  to  eheek  erosion  and  at  most 
points  where  water  was  to  lie  diverted. 

Aminig  the  branches  of  the  Fowler  Switi;h  Canal  may  be  uientioiieU 
the  Clevchind  Ditch,  about  ."►  miles  long,  which  delivers  water  to  hmtls 
midway  between  Midau;a  and  I'owler;  the  Western  Canal,  which  siip 
]tlies  water  ti)  lands  ailjacenl  lu  and  inunediately  south  of  the  tiicita 
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Park  and  Washington  Colony;  the  Grant  Diteb,  vbirh  has  a  westerly 
course  for  4  or  5  miles  from  near  the  end  of  the  main  canal ;  and  the 
Elfchom  Canal,  wbicti  has  a  aonthvrenterlj  course  and  delivers  water 
to  the  western  portion  of  the  Wildflower  region.  The  entire  canal  sys- 
tem gave  promise  of  1)eing  one  of  considerable  imjMtrtance  to  the  pros- 
perity of  the  district  it  commanded,  bat  hopes  hare  not  been  folly 
realized.  The  canal  has  not  been  jiennitted  to  take  river  water  with- 
ont  jirutest,  and  unfavorable  court  decisiouH  have  thrown  (winie  doubt 
nix)n  the  reliability  of  this  canal  as  a  source  of  supply. 

This  canal  was  constructed  in  1883.  Farmers  in  the  vicinity  of 
Fowler  who  wanted  water  for  their  own  land-^  fnrmi'd  a  corporation, 


the  capital  stock  of  which  was  fixed  at  ^i'tOAHH),  divided  into  I.-*(IO 
shares,  of  which  300  were  snbscribed  for.  It  was  agreed  that  in  pay- 
ment for  each  share  labor  and  matmal  might  be  contributed  to  tJie 
esteot  of  *20l>,  the  remainder  to  he  paid  in  coin.  It  was  sfxin  found, 
however,  that  the  firet  issue  of  shares  would  not  cover  the  eost  of 
raiial  conistruction,  and  it  was  followed  by  a  second  issue  of  -iOO  shares, 
which  were  taken  by  the  same  persons  wJio  held  the  first  issue. 
Alfout  9110,000  were  ex[)endi>d  on  eaual  construction  in  the  first  two 
years. 

The  water  in  the  canal  is  apportione<l  to  tlie  stockholders,  wlio  may 
a.sk  for  the  delivery  of  their  water  at  any  point  ou  the  main  ciinal. 
Thi.'*  biiH  Ie<!  to  the  construction  of  a  ruiinber  of  branch  ditelies  under 
IBB  IS f 
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independent  nianagemeut,  which  receive  their  water  fh)iii  the  main 
canal.  One  of  the  principal  branches  of  this  sort  is  the  Elkhom 
Ditch.  It  is  owned  by  a  company  in  which  thirty  shares  are  represented^ 
Some  of  tbe  stockholders  in  the  Elkhorn  Ditch  Company  are  not  hold- 
ers of  Fowler  Switch  stock.  In  such  cases  they  are  required  to  buy 
their  water  from  some  stockholder.  The  use  of  the  Elkhom  Ditch  is 
restricted  to  its  owners,  no  water  being  sold. 

The  water  represented  by  the  stock  of  the  Fowler  Switch  Oanal  Com- 
pany is  at  the  disx>osal  of  tlio  individual  stockholders  to  the  exteni 
that  it  maybe  leased  or  sold  and  its  delivery  maybe  called  for  throagb 
any  branch  ditch.  No  system  of  water  measurement  or  special  desigi 
of  gate  has  been  prescribed.  All  gates  in  distributing  ditches  are  ooife 
structed  by  the  consumers.  Tlie  delivery  of  water  through  these  gate; 
is  in  charge  of  a  canal  superintendent.  The  canal  cx)mpany  itself  doe 
not  sell  any  water.    All  exxH^nses  are  met  by  assessing  the  stockholderE 

The  structures  on  the  <'aiial  do  not  ment  extended  notice.  They  ac 
all  of  very  light  construction.  The  check  weirs  or  drops  are  V-shape« 
upper  and  lower  faces  being  ]>ermancntly  sheathed  with  light  boaidlD  ^ 
There  is  no  diverting  dam  at  the  head  of  the  canal,  which  has  bcE 
located  just  above  a  natural  cr)bblestoneand  bowlder  riffle. 

Centirvillc  i^  Kingslmrg  Canal, — This  is  another  of  the  importa^i 
north-side  canals  from  Kings  Kiver  belonging  to  the  upper  group     i 
canals.    Its  head  is  about  2  miles  in  a  direct  line  northeast  of  Cent<3J 
ville,  and  about  the  same  distance  by  river  below  the  head  of  tb< 
Fowler  Switch  Canal.    Its  course  is  westerly  for  nearly  half  a  mi/€^ 
directly  toward  the  northwestern  margin  of  Centerville  Bottoms.    Its 
second  half  mile  has  a  southwesterly  direction,  along  the  slojie  fh)m 
higher  ]>laiiis  to  the  bottoms;  thenceon  the  higher  level  it  holds  a  course 
southwesterly  and  southerly  for  about  8  miles,  practically  parallel  with 
the  bluil',  20  to  30  feet  high,  wliit^h  drops  from  the  valley  plain  to 
Centerville  Bottoms.    This  portion  of  the  canal  is  frequently  within  ft 
few  rods  of  tlie  edge  of  the  blutf,  and  is  rarely  more  than  half  a  mile 
distant  therefrom. 

About  0  miles  below  its  head  the  canal  is  separated  into  a  number  of 
branches,  which  radiate  throughout  the  district  westward  from  Kings 
Kiver  below  the  Narrows,  extending  southeastward  to  lauds  east  and 
south  of  Sanders,  southward  to  the  vicinity  of  Kingsburg,  and  soath- 
westward  beyond  Selma  and  well  into  the  Wildflower  country. 

The  main  canal  has  irregular  dimensions,  its  be<l  width  beiug  gener- 
ally about  '\o  to  .'^>  feet.  1 1  has  been  allowed  to  cut  deep  into  the  fHable 
surface  soils  in  the  u])])er  sections  of  its  course,  where  but  little  attempt 
has  been  made  to  reduce  its  gradient  below  that  of  the  natural  snrftaoe 
of  the  ground.  The  length  of  main  canal  is  about  18  miles.  The  length 
of  its  tliree  principal  branches  is  reported  at  about  2G  miles. 

The  diversion  fiom  tiie  river  is  e fleeted  by  means  of  a  bnish-and- 
co))b]est;on(*  dam.  in  wiiicha  small  gate  serves  as  waste  way  and  sand 
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independent  management,  which  receive  their  water  fh)iii  the  mail 
canal.  One  of  the  principal  branches  of  this  sort  is  the  Elkhon 
Ditch.  It  is  owned  by  a  company  in  which  thirty  shares  are  represented 
Some  of  the  stockhohlers  in  the  Elkhorn  Ditch  Company  are  not  hold 
^rs  of  Fowler  Switch  stock.  In  such  cases  they  are  required  to  bu^ 
their  wat«r  frouL  some  stockholder.  The  use  of  the  Elkhorn  Ditch  i 
restricted  to  its  owners,  no  water  being  sold. 

The  water  represented  by  the  stock  of  the  Fowler  Switch  Oanal  Com 
pany  is  at  the  disx>osal  of  the  individual  stockhohlers  to  the  ezten 
that  it  may  be  leased  or  sold  and  it«  delivery  may  be  called  for  throng! 
any  branch  ditch.  No  system  of  water  measurement  or  special  desig: 
of  gate  has  been  prescribed.  All  gates  in  distributing  ditches  are  ooi 
structed  by  the  consumers.  The  delivery  of  water  through  fheee  gate 
is  ill  charge  of  a  canal  superintendent.  The  canal  ox)mpany  itself  doe 
not  sell  any  water.    All  expenses  are  met  by  assessing  the  stockholden 

The  structures  on  the  (tanal  do  not  ment  extended  notice.    They  ai 
all  of  very  light  construction.    The  clieck  weirs  or  drops  are  V-shape« 
upper  <and  lower  faces  being  ])ermanently  sheathed  with  light  boardin. 
There  is  no  diverting  dam  at  the  head  of  the  canal,  which  has  hem 
located  just  above  a  natural  cobblestone-and  bowlder  riffle. 

CenttrvUlc  dk  Kingshurg  Canal. — This  is  another  of  the  importi^ 
north-side  (;anals  from  Kings  Kiver  belonging  to  the  upper  group 
canals.  Its  head  is  about  2  miles  in  a  direct  line  northeast  of  Centc 
ville,  and  about  the  same  distance  by  river  below  the  head  of  tl 
Fowler  Switch  Oanal.  Its  course  is  westerly  for  nearly  half  a  mi/( 
directly  toward  the  northwestern  margin  of  Centerville  Bottoms.  Iti 
second  half  mile  has  a  southwesterly  direction,  along  the  slojie  Grom 
higher  plains  to  the  l>ottoms;  thenceon  the  higher  level  it  holds  a  ooane 
southwesterly  and  southerly  for  about  8  miles,  practically  parallel  with 
the  bluff,  20  to  30  feet  high,  which  drops  from  the  valley  plain  to 
Centerville  Bottoms.  This  x)ortioii  of  the  canal  is  frequently  witUna 
few  rods  of  the  edge  of  the  blutl',  and  is  rarely  more  than  half  a  mill 
distant  therefrom. 

Al)(»ut  1)  miles  below  its  head  the  canal  is  separated  into  a  namber  a 
branches,  which  radiate  throughout  the  district  westward  from  Kingi 
liiver  below  the  Narrows,  extending  southeastward  to  lauds  east  anc 
south  of  Sanders,  southward  to  the  vicinity  of  Kingsburg,  and  Boafli 
westward  l)ey<md  Selma  and  well  into  the  AVildflower  country. 

The  main  canal  has  irregular  dimensions,  its  bed  width  being  genei 
ally  about 30  to 35  feet,  it  has  been  allowed  to  cat  deep  into  thefHabl< 
surface  soils  in  the  upper  sections  of  its  course,  where  but  little  attamp 
has  been  made  to  reduce  its  gradient  below  that  of  the  natural  sorflM 
of  the  ground.  The  length  of  main  canal  is  about  1«S  miles.  The  lengfl 
of  its  three  i)rincipal  branches  is  reported  at  about  2G  miles. 

The  diversion  from  the  river  is  elVectcd  by  means  of  a  bmsh-and 
cobblest4)nc  danu  in  which  a  small  gate  serves  as  waste  wt^and  sani 
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sluice.  The  canal  refnilator  is  close  to  the  river  and  is  of  a  type  very 
oomiDon  on  Kings  Biver  canals.  Three  rows  of  i)08t8  rising  from  a 
plank  floor  extend  across  th^  canal  from  one  bulkhead  wall  to  the  other. 
They  support  a  platform>,foade4*^th^  cobbles  and  gravel  to  give  stii- 
bility  to  the  strnetore.  The  %pa6e»'^t\Feen  upi>er  posts  are  cl<)se<l  by 
means  of  vertically  sliding  gates,  each  of  wlifoh  has;  a  ^tem  extend- 
ing above  the  platform,  to  which  power  is  applied  wbi^n  -tbe  gi^  is  to 
be  opened  or  closed.  The  cost  of  the  regulator  was  about  1^1,000/  Tfia 
first  cost  of  the  canal  was  about  $35,000. 

This  canal  was  constmcted  in  1877  and  1878..  It  was  built  by  a 
company  organized  by  £Eurmers  who  owned  lands  near  Kingsburg  and 
Selma.  The  capital  stock  of  the  corx>oratiou  which  they  formed  was 
oriRiually  fixed  at  $12,500,  but  was  subsequently  increased  to  $3ri,(K)0, 
being  (lividcil  into  fifty  shares.  The  upper  2  miles  of  the  canal  were 
coDstracted  by  day  labor.    The  rest  of  the  main  canal  was  divide<l  into 
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sections,  each  of  which  represented  one  share  of  stock,  and  was  assi^^^iod 
to  some  stockholder,  wlio  was  required  to  conii)letc  it.  A  few  unliiuitcMl, 
unassessable  rights  to  water  from  the  canal  have  been  jxranted  to  set- 
tlers near  Centerville,  in  consideration  of  rights  of  way.  Kacli  stock- 
holder is  entitled  to  the  delivery  of  a  proportional  ])art  of  the  water 
remaining  available  for  distribution;  but  each  stockholder,  or  tlie 
corporation  when  in  possession  of  any  shares  of  stock,  may  lease  the 
shares.  The  price  of  a  share  per  month  in  1882  was  A6.  Shares  were 
at  that  time  valued  at  about  $1,500.  l^ach  sliare  of  stock  is  su))|)os(>(l 
to  represent  *'3  feet  of  water;"  an  expression  of  quantity  whi(*li  seems 
as  vague  as  the  amount  named  in  the  franchise  of  the  company — "•  l^ti) 
cubic  feet  of  water  under  a  4- inch  pressure.''  In  fact,  however,  t^acli 
share  of  stock  entitles  its  holder  to  a  proportional  part  of  the  wuter 
varying  somewhat  according  to  the  number  of  shares  in  actual  use,  hut 
not  in  excess  of  three  times  the  amount  which  would  tlow  4  inches  deep 
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over  a  clear  overfall  12  iiiclies  lonp:.  Water  is  apportioued  on  the  jadg- 
nu'nt  of  a  ranal  8iii)eriMteii(lent.  generally  throagh  gat-es  of  like  con- 
struct ion.  When  the  amount  of  water  |)e*'  share  of  stock  in  the  canal 
excel  (Is  three  units,  each  indicated  by  a  cler:r  overfall  of  4  inches  on  t 
length  of  11^  inches,  theii  all  8fiiphis  water  is  held  for  sale,  by  fhe 
directors  of  the  company,  at  tixed  rates  per  mouth  |)er  unit.  The  Wit 
of  ciPuit  ihana^en'ient,  maintenance,  and  repairs  is  assessed  npott'  the 
st^iix'K holders.  The  aunnal  expense  assessment  is  now  about  #80  per 
shar<'  of  stock.  The  works  retiuired  to  divert  water  firom  the  main 
(ranal  into  i)rivate  ditches,  incluiling  weirs  in  the  main  cana!,  are  eon- 
structed  by  the  consumers  of  water,  subject  to  approval  of  the  enal 
conii)any. 

8atisiactory  use  of  this  canal  has  been  interfered  with  to  no  Itttfe 
extent  by  litigation,  ^enerull}'^  involving  the  right  of  the  canal  to  leoeive 
water  from  the  river,  and,  as  in  the  case  of  other  canabi  from  Kblg^ 
Kiver,  its  permanent  elliciency  as  a  source  of  supply  has  been  thmwB 
somewhat  into  doubt  by  adverse  decisions  of  the  courts. 

Stdma  irri(jatio)i  (lisfrict. — This  irrigation  district  is  situated  on  the 
north  side  of  Kint^s  River,  in  Fresno  County,  and  embraces  within  itsi 
limits  the  lands  now  watered  by  the  Fowler  Switch  and  the  Genterville 
iV:  Kin<;!:sbur«:^  canals,  ft  was  organized  in  1890  with  an  area  of 
271, ()()()  acres.  For  the  ]>urchase  of  existing  canals  and  the  construc- 
tion (»f  new  works,  it  was  proposed  to  issue  bonds  to  the  amount  of 
$1,0()0,(MK);  but  tin*  bond  issue  was  twice  defeated  at  the  i>olls,  am d  it 
seems  to  be  generally  conceded  that  there  is  small  probability  of  a 
continuation  of  operations  under  the  district  law. 

Alfa  trntjaiion  disirivt  (7f!  Canal). — The  canal  which  supplies  water 
to  the  Alta  irL-i<*:ation  district  is  known  as  the  76  Canal.  It  belongs  to 
the  npper  ^rnmi)  of  Kings  River  canals.  Its  head  is  on  the  south  side 
of  the  river,  about  J  4  miles  above  the  head  of  the  Kings  Kiwrft 
Fresno  <^anal,  if  the  ]K)int  at  which  the  uppermost  work  for  thedbei^ 
tion  of  water  toward  the  canal  regulator  may  be  termed  its  head.  'It 
tiiat  i)oint  a  branch  of  the  river  has  been  enlarged  somewhat  and  oliii^ 
wise  improved,  and  the  water  diverted  from  the  maiu  stream  thniijjj^ 
this  natural  channel  is  carried  in  a  succession  of  depressions  op4ii|^ 
water  channels  ah)n^  the  southeastern  margin  of  Genterville  BotfeDM 
about  '>  miles,  to  tlie  ]M)int  where  the  canal  cuts  out  upon  the  higher 
])lain  lying  to  the  east  of  Centerville  Bottoms.  The  natural  depreBSkmi 
of  the  upper  coal  section  have  in  large  part  been  con  vert  e<l  into  a  canal 
by  bnihlin^'  up,  ah>ng  their  low  western  banks,  embankments  of  cobble- 
stones and  bowlders,  whicli  were  taken  from  their  beds  for  their  enlarge- 
inenl.  Where  tlie  canal  turns  away  from  Centerville  Bottoms  a  cat 
9  leet  in  (h'i)th  was  necessary.  From  this  point  the  canal  has  a  general 
sontlieasterly  course,  following  a  grade  line  with  18  inches  fall  to  the 
mile,  that  skirts  the  western  foothill  base.  At  (>  miles  below  the  regn- 
J^'/Zoj-  t)n'  cuinil  is  run  led  across  W ah toke.  deck,  v\\h\\\%  southeasterly 
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uonrs«>  i»i  maiiitaiiied  about  2'2  miles  fartbLT,  to  iieiir  CottoiiwutHl  Creek. 
Tbe  main  caual  lias  been  made  tlie  eastern  btniiitlai-y  nl'  the  Alia  iiri- 
gaCiou  district. 

The  bed  width  of  tbe  caoal  tbrongbout  tbe  first  i)^  miles  below  tlie 
regalator  id  100  feet.  Its  capat^ity,  with  a  depth  of  H  feet  of  wiiter,  is 
about  1,200  second-feet.  From  the  main  can:il  tinmeious  branchus 
eilend  sonthwesterly  and  aoutherly  iuto  the  lieart  of  the  district. 
Tie  principal  of  these  is  tbe  Traver  branch,  whivb  bus  been  given  a 
bed  width  of  60  feet,  It  leaves  tlie  main  ritual  about  U  miles  below 
Wihtoke  Creek,  and,  as  its  name  indicates,  delivers  wnter  to  lands  in 
the  vicinity  of  Traver.  Branch  canals  are  for  tbo  most  part  located 
KroBs  tbe  valley  plain  on  lines  of  its  prreatest  slope.  They  have  yen- 
mllylieen  given  positions  on  high  ground  intermediate  between  jjeiitle 
depressions,  though  in  some  iustunces,  as  iu  the  case  of  tbe  Traver 
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f     brancli,  natural  water  courses  have  been  in  large  part  snbstituted  lor 
expensive  canal  work, 

Theinflowof  waterfh>m  tbeupper  caual  section  into  the  second  sct'tioii 
of  tbe  main  caniil  is  controlled  by  means  of  a  regulator  or  bead  gate. 
Above  the  regulator  in  the  west  canal  bank  is  a  spillway  through  which 
aarplas  waters  are  dropited  into  Patterson  Slough,  one  of  the  Kings 
biver channels  in  Centerville  Bottom.i.  The  regulator  rises  from  a  plank 
floor  constructed  of  two  layers  of  3-inch  pUuiking,  the  dimensions  of 
irhich  are  100  feet  in  tbe  direction  acrostj  the  canal  by-tl)  I'eet  ahing  its 
aiis.  The  surface  of  the  floor  is  at  grade  of  tbecanal  bottom.  Along 
its  upper  and  lower  edges  are  two  lines  of  sheet  piling,  not  driven, but 
constructed  in  trenches,  which  extend  to  a  deptli  of  5  feet.  The  bottom 
ends  of  tbe  sheeting  [danks  are  nailed  to  a  horizontal  plank  3  by  12 
inches,  whicb  adds  to  tbe  efl'ectiveness  of  tlie  sheeting.    Tieucbcs  wore 
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refilled  with  carefully  selected  material  well  tamped  into  place.  Thn 
rows  of  x>0Mts,  with  uecesi^ary  brace  timbers,  rise  fh>m  this  floor,  tl 
post  rows  being  8  feet  apart.  They  support  a  platform  which  servf 
as  a  bridge.  Between  the  upper  posts  are  the  gates,  twenty  in  al 
which  slide  vertically  in  grooves  formed  by  spiking  additional  timbei 
to  the  upper  faces  of  the  posts.  Each  gate  has  a  stem  to  which  pow( 
is  applied  by  means  of  a  lever.  Every  fourth  gate  is  provided  wit 
two  verticiil  revolving  shutters,  so  connected  with  it  that  when  close 
they  will  not  interfere  with  the  free  movement  of  the  gate.  Thtf 
shutters  are  intended  to  be  used  when  the  water  pressure  on  the  gat< 
is  so  great  as  te  interfere  with  their  being  raised.  The  cost  of  tl 
head  gate  was  $3,000.  Lumber  at  the  gate  costs  $28  per  thousand  fee 
board  measure.    About  00,000  feet  of  lumber  were  used  in  its  constrv 
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tion.  The  check  weirs  in  use  on  this  canal  system  (there  are  niuec 
the  Traver  branch  within  TJ  miles  above  Traver)  are  simple  but  ser 
icetible  structures.  They  are  of  the  tlashboard  type.  Spaces  betwe< 
posts  4  feet  apart,  which  rise  from  a  plank  floor,  are  closed  by  loo 
boards  sliding  in  grooves.  The  cost  of  a  check  weir  across  a  canal 
feet  wide  is  reiK)rted  to  have  been  $275. 

Occasionally  a  tirni  hardpan  layer  that  would  not  yield  readily 
blasting  or  plowing  had  to  be  broken  up  into  long,  nari-ow  strips  wi 
gads.  A  spur  of  rotten  granite  was  crossed  at  one  point,  and  the  ma: 
mum  cut  through  it  was  28  feet.  Throughout  5  miles  below  the  reg 
lator  large  cobbles — some  1  foot  in  least  diameter — had  to  be  remov 
from  the  material  loosened  by  the  plow  before  scraper  work  could  co 
mence.  The  ground  containing  these  cobbles  was  first  trenched  wi 
large  road  plows  drawn  by  12  te  16  mules.  The  plows  were  steadi 
by  means  of  long  saplings  extending  out  on  either  side. 
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iDg  theljase  of  Campbells  Mountain,  throughout  the  3  or  4  milea 
B  Wuhtoke  Cieek,  the  sarfoce  soil  iuto  which  tbe  caniil  was  cut  is 
i|; — a  dark-colored,  light  soil,  which  contracts,  cracks,  and  crvm- 
kln  drying.  When  wet  this  soil  ia  soft  and  sticky.  This  material 
kto  be  osed  in  many  places  for  the  canal  embankment,  wliich  often 
1  depressions, 
when  water 
1  these  it  rap- 
permeated  the 
Bgy  bank  and 
fonnd  vents 
kkd  to  the  speedy 
of  the 
nbaokment.  It  cost 
'Mxnit  t6,UU0  to  get 
;%lte  water  in  the  canal 
■a  far  as  Wahtofce 
<3roek. 

The  caual  was  con- 
■tmcted  in  1882. 
This  was  before  the 
enactment  of  the  irri- 
gation-district law. 
Its  constrnction  was 
Undertaken  by  a  pri- 
vate corimratiou,  on 
&  plan  which  wa» 
Very  satisfactorily 
tarried  out.  As  soon 
u  the  feasibility  of 
making  the  diversion 
of  water'  from  the 
river  was  assured, 
abont  40,000  acres  of 
land  on  the  plains  to 
be  commanded  by  the 
canal  were  bought 
for  the  corporation  at 
prices  less  than  (10 
per  acre.  These 
landswere  offered  for 
sale  as  soon  as  the 

cftnal  came  into  service,  at  prices  soniewhut  in  excess  of  tlie  added  cost 
of  canal  construction.  It  was  ]iroposed  to  establish  each  year  a  sched- 
ule of  prii-es  to  be  ntibercd  to  for  a  year,  but  dcimvud  Vov  \a>uA  ■wvl»'*» 
great  at  the  prices  Sxed  during  the  lirst  few  yeuva  t\vat  t\ve\M\&&^«t« 
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repeatedly  willulrawn  IVoin  sale.  The  expenditure  of  less  than  $300,(Nili 
in  four  years  thus  created  and  increased  values  to  an  estimated  amonut 
of  over  $8(H>,00(>.  not  indudinir  increased  values  of  properties  in  which 
tlie  eannl  company  had  no  direct  interest. 

l»el'oro  the  canal  was  sold  to  the  Alta  irrigation  district,  water 
rights  were  issued  to  purchasers  of  all  lands  sold  by  the  canal  ctiiii- 
]>any  and  were  for  sale  to  others  owning  land  in  the  district  con- 
nianded.  A  water  ri^ht  was  detined  as  40  miner's  inches  of  watery^and 
was  located  upon  some  particular  4()-aere  tract  of  land,  of  whiflk  it 
becanje  an  appurti^nance.  Each  full  water  right  was  made  liable  jhitli 
assessment  of  $1G  per  year  to  cover  expenses  of  canal  miinngeilipt 
The  price  of  a  water  right  was  lixed  at  5^200. 

The  Alta  irrigation  district  was  formed  in  18S8  and  was  ma^  to 
include  the  lands  to  be  irrigated  with  the  70  Canal.  It  extends  SQill- 
erly  from  Kings  Uiver  to  and  even  beyond  Cottonwood  Creek,  lid 
westerly  to  within  a  mile  of  the  eastern  border  of  the  Swings  BIm 
delta,  and  has  an  area  of  130,000  acres.  Two  years  later  the  district 
purchased  the  canal  and  its  branches,  paying  therefor  $410,UOO  in 
bonds  of  the  district.  This  covered  the  repayment  to  holders  of  water 
rights  of  the  amounts  which  they  had  paid  for  them. 

The  northern  apex  of  the  Alta  irrigation  district  is  at  the  western 
base  of  Tchoenimne  Mountain,  where  a  second  river  bottom,  lOto-0 
feet  higher  than  Centerville  bottoms,  lies  below  the  76  Canal.  Tioin 
the  second  bottom,  which  is  long  and  naiTow,  having  an  area  of  nearly 
7,000  acres,  there  is  an  abrupt  rise  of  2u  to  35  feet  to  the  upland  or 
main  east-side  San  Joaquin  Valley  plain.  The  sarfaee  of  this  plain 
drops  away  gently  from  the  base  of  the  hills  southwestward  toward  tbe 
valley  trough.  Its  slope  is  at  lirst  about  10  feet  to  the  mile,  but  this 
becomes  gradually'  le>s  and  is  <»nly  0  feet  to  the  mile  near  Traver.  The 
only  n<»tal)le  break  in  the  surface  of  this  portion  of  the  valley  plain  is 
made  by  \Vaht<»ke  Creek,  which,  in  its  southwesterly  course  from  tbe 
foothills  of  the  Sierra  Nevada,  passes  to  the  east  and  south  of  Camp- 
bells Mountain  and  discharges  into  Kings  Hiver  at  the  Xarrows..  It 
Hows  in  a  wide,  deep  gorge  from  foothill  base  to  the  river- 
Southward  from  W'ahtoke  Creek  are  several  minor  creek  ohannobi 
which  carry  water  only  in  very  wet  seasons  and  sink  or  spread  befiirt 
reaching  Cross  Creek. 

After  the  i)ur<'liase  i»f  the  70  Canal  system,  in  1890,  more  brandi 
canals  were  ntn-essary.  These  were  constructed,  under  the  direction  and 
sui)ervision  of  the  <listrict  engineer,  by  private  partie.>,  from  whom  they 
were  then  bought,  i)ayment  being  nuule  with  iirigation-district  bonds. 
About  ir>0  miles  of  branch  ditches  were  thus  constructed,  at  a  total 
co>t  in  bonds  of  .isl.l.J.ooo.  The  entire  district  is  now  covered  with 
branj-h  canals,  which  are  rarely  more  than  2  to  3  miles  apart. 

The  area  ol  land  to  who>e  s.irface  water  is  now  actually  applied  is 
esrijij;ired  )\y  t}ic  ^]istncr  ollicers  at  10,000  acres.    T!\\e  v\\«tr\bv\tiou ot 
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uater  is  iu  charge  of  a  canal   sai)eriuten(lent  and  seven  assistants, 
called  '*  ditch  tenders.^ 

The  soil  of  this  region  is  for  the  most  part  a  sandy  loam,  with  coarse, 
clayey  sands  near  the  eastern  border  of  the  district,  and  liner,  lighter 
Hands  toward  the  west.  Much  alkali  is  in  the  soil  to  the  west  and 
soutliwest  of  Traver.  Hardpan  snbsoils  are  common  at  2  to  5  feet 
below  the  surface.  Ground  water  before  1883  was  at  20  to  (50  feet.  It 
was  nearest  the  surface  in  the  southern  and  western  iK>rtions  of  this 
district.  Irrigation  is  causing  the  water  table  to  rise,  particularly  near 
Traver. 

Water  is  usually  available  for  irrigation  from  February  until  the  end 
of  July.    Where  used  on  a  small  scale,  land  is  occasionally  prepared 
for  it  by  subdivision  into  small  rectangular  checks.    Tliis  was  the  pre- 
ferred system  when   water  was  first  introduced  into  the  vicinity  of 
Traver.    Now  the  contour-check  method  of  irrigation  is  finding  more 
favor.    The  reason  for  this  preference  seems  to  bo  due,  not  only  to 
re<luced  first  cost,  but  also  to  the  fact  that  it  recjuires  less  cutthig  down 
of  surface  soils  than  the  level-check  method  of  irrigation.    The  uncov- 
ered subsoils  are  often  found  to  be  relatively  barren.    Orchards,  vine- 
yards, and.  summer  crops  are  quite  generally  being  iiTigated  by  the 
furrow  method.    Grain  land,  if  wet  at  all,  is  irrigated  by  spreading 
water  over  the  surface  from  small  ditches  or  furrows,  usually  before 
sowing. 

Morrow  JHtch. — ^This  was  one  of  several  small  private  ditches  south 
of  the  main  channel  of  the  river  which  were  in  use  for  the  irrigation 
of  small  tracts  of  land  in  Centerville  Bottoms.  It  was  constructed 
about  I860. 

Dennis  &  Jordan  ditch. — This  is  another  private  ditch,  now  having 
the  appearance  of  a  natural  arm  of  the  river.  Its  course  is  southwest- 
erly from  Patterson  Slough,  from  which  it  takes  water  about  1  k  miles 
below  the  regulator  of  the  76  Canal. 

Kincaid  Ditch. — This  name  is  applied  to  an  eastern  arm  of  Patterson 
Slough,  the  head  of  which  is  about  one  half  mile  below  the  head  of  the 
Dennis  &  Jordan  Ditch.  It  supplies  water  to  the  Dennis  Ditch  and  to 
Finks  Branch. 

Glenn  and  Barton  ditches. — These  are  two  other  small  private  ditclies, 
which  seem  to  have  been  iu  use  about  1879  on  lands  of  Centerville 
Bottoms,  but  which  have  probably  been  abandoned. 

Emigrant  Canal. — This  canal  may  ])e  classed  as  almost  out  of  serv- 
ice. It  was  the  uppermost  of  the  north -side  Kings  Kiver  canals  of 
the  lower  group.  It  took  water  from  tlie  north  side  of  Cole  Slou«^li 
about  2  miles  below  the  head  of  that  arm  of  Kings  Piver.  Its  course 
was  southwesterly,  nearly  i)arallel  with  Cole  Slough,  for  about  .5  niih»s, 
thence  northwesterly  to  and  beyond  Wildtlower.  The  canal  was  con- 
Rtrncted  by  an  organization  of  farmers  who  wanted  water  lor  their 
lands,  and  was  to  be  managed  for  mutual  benefit.    They  Ibrmed  a  cor- 
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poration  late  in  1875,  with  a  capital  stock  of  (20,000,  in  shaif 
$1,0()<)  each.  All  expenses  of  construction,  inaintenanoe,  and  mao 
ment  were  met  by  assessing  stockliohlers.  Each  Btockholderwasi 
tied  to  the  nse  of  canal  water  in  jtroportion  to  amount  of  stock  ov 
He  was  allowed  to  sell  or  rent  his  water  at  pleasare.  Each  conso 
of  water  was  recjuired  to  build  liis  own  delivery  gate,  sabject  to 
approval  of  the  direi*.tors.  Tlie  distribution  of  water  was  in  cbar^ 
a  canal  superintendent,  whi(;h  office  was  aunoally  let  to  the  lo' 
bidder.  The  canal  had  a  bed  width  of  about  IG  feet,  and  deliverei 
water  to  a  number  of  branches,  which  covered  about  7,000 acres, 
canal  company  became  involved  in  litigation  and  Ikiled  to  iuhId 
control  of  its  head  works,  so  that  finally  it  received  water  only  do 
high  stages  of  the  river,  and  generally  for  such  short  periods  of 
that  those  dei>endent  ui^on  it  soon  found  it  to  their  advantage  tose 
additional  water  from  the  Centerville  &  Kiugsburgor  the  Fowler  S« 
canals. 

Liberty  Canal, — This  is  a  canal  which  was  constracted  abont 
from  the  north  side  of  Mnrpliy  Slougli,  its  head  being  about  5: 
above  Kiverdale.  After  experiencing  much  tronble  in  obtaining: 
isfactory  supi)ly  of  water  from  Murphy  Slough,  which  is  theexte 
of  Cole  Slough,  the  orighial  head  of  the  canal  was  abandoned  s< 
years  ago,  and  it  was  extended  easterly  about  7  miles  to  a  conm 
with  a  high-water  escape  way  irom  Cole  Slough  known  as  the  S 
land  Canal.  The  inth)w  into  the  canal  is  controlled  by  a  reg 
phiced  in  the  Sutherland  Canal  about  one-eighth  mile  from 
Slough.  The  canal  is  abtmt  15  miles  long,  has  a  westerly  course 
miles  and  thence  a  northwesterly  course,  is  about  20  feet  wide,  a 
branches  cover  about  0,000  acres  to  the  north  of  Kiverdale. 

Mill  rare  Canal. — Where  Murphy  Slough  leaves  the  grant  knc 
the  Kancho  Laguna  de  Tache,  about  U  miles  above  Kiverdal 
gates  or  dashboard  weirs  have  been  built  across  the  two  chaui 
the  slough.  These  force  its  water  through  a  short  canal  into  a 
natural  channel,  known  as  the  Old  Xorth  Channel,  from  whicl 
reclaimed  half  a  mile  below  and  is  carried  westward  and  thence 
ward  in  the  ^lillrace  Canal.  This  canal  is  used  for  the  irriga 
lands  near  Rivcrdale  and  westward  thereof.  It  is  essentially  a 
water  canal.  The  canal  proper  is  about  0  miles  long.  It  has 
width  of  about  I  i  feet. 

livcds  Ditch, — One  of  the  old  ditches  on  Kings  River  is  the 
Ditch,  whose  head  is  on  the  nortli  side  of  Murphy  Slough,  a 
miles  below  Itivenlale.     It  is  a  small  private  ditch,  having  ace 
little  north  of  west,     its  bed  width  is  about  5  feet;  its  length  a 
miles.    It  irrigates  a  few  acres  of  land  near  Klkhorn. 

Laguna  (I c  Tachr  Canal  (tr rant  Canal). — The  *' River  Ranch," 
includes  the  Rancho   Laguna  de  Tarhe,  bus  wu  area  of  al>ont 

"Y^)  einhnwiu}*'  wixhln  \\^  boundaries  wevwAy  v\\\  v>^  XXi^i  ^«e\Vs 
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ri'acliiii;;  the  vicinity  of  Klkhorn.  Its  projeetore  sulmeqaeutly  fikd 
claim  to  water  and  incorporated  under  the  uame  of  the  Vanili 
Canal  <.*ouipany.  ^^ettle^s  in  the  vicinity  of  Kiverdale  and  Elkbonl 
claim  that  the  original  cut  was  entirely  artificial,  while  owners  of  M 
(iraut  Canal  claim  that  the  cut  is  merely  the  result  of  cleaning  ontiki| 
head  of  a  natural  water  course.  After  the  Vanderbilt  Cut  had  heooMi 
one  of  the  channels  for  Cole  Slough  water,  the  irrant  Canal  wasextendri 
upfiti-eam  across  Murphy  Slough  to  the  Vanderbilt  Cut,  from  which  it 
has  ever  since  taken  its  water.  The  turning  of  the  flow  of  Cole  Sloof^ 
into  the  Vanderbilt  Cut  is  accomplished  by  means  of  a  dam  of  eaitk 
across  the  old  south  chauneL  From  the  cut  water  is  turned  into  tke 
head  of  the  canal  by  means  of  a  second  earth  dam,  and,  flowing  in  tlM 
canal,  it  crosses  Murphy  Slough  between  two  dams,  of  which  the  low 
or  westerly  one  is  an  overfall  dam  of  brush  work,  serving  as  an  escape 
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way  for  surplus  waters  and  feeding  the  lower  sections  of  Muq^by 
Slon^h. 

Tlic  Lacuna  de  Tache  (3anal  has  a  westerly  course  along  the  uortbcrn 
bank  of  the  main  channel  of  Kings  Kiver,  Irom  which  it  is  generally 
less  than  onc-iialf  mile  distant.  At  5^  miles  below  its  head  it  crosses^ 
a  water  course  known  as  the  James  Canal,  cm  an  earthen  dam,  and  it^ 
direction  l>e<jomes  southerly.  It  reaches  the  river  bank  within  a  mile 
and  closely  follows  it  southerly  for  about  a  mile  farther  on  its  course, 
rrossin^  and  closing  the  head  of  another  delta  channel  of  Kingi^ 
Kiver  known  as  Old  North  Fork. 

The  u])per  section  of  the  main  canal  for  a  distance  of  about  4  miles 
from  its  head  has  a  bed  width  of  about  30  feet  and  carries  water  li  to 
2A  f(»et  deep.  The  distributaries  from  the  main  canal  are  for  the  most 
part  njitural  channels,  many  of  which  have  long  ago  ceased  to  serve  as 
delta  channels  and  are  mere  swales  on  the  tops  of  low  ridges.  The 
James  Canal  is  a  channr^j  of  more  recent  fovmat"uA\,  vj\i\v\\  \k«L%  \>^a\\ 
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otilizeii  as  a  ilistribating  ditch.    By  permission  of  the  owners  of  the 
Grant  a  gate  for  the  control  of  its  flow  was  put  into  this  channel  in 

1880.  It  was  washed  ont  by  the  next  freshets  and  was  rcphiced  in 

1881,  bat  was  again  destroyed.  Thereu]>on  the  owners  of  the  Grant 
permanently  closed  this  channel  with  the  embankment  of  earth  (m 
which  the  canal  is  carried  across. 

The  bead  of  Old  North  Fork,  which  is  another  distributary  of  canal 

rater,  was  close<l  as  early  as  1865  by  Messrs.  Sutht^rhind  and  Mann. 

One  of  the  most  important  of  the  lower-river  north-side  delta  diannels 

18  the  Zalda  Canal,  which,  throughout  its  lower  sections,  is  generally 

known  as  the  North  Fork  of  Kings  River.     It  is  claimed  that  the  head 

of  this  channel  is  the  eidargement  by  rioo<l  waters  of  a  ditrh  ctm 

stmcted  in  1872  by  settlers  living  to  the  west  of  the  Grant.    This 

channel  was  rei>orted  closed  for  a  time  by  a  dam  at  the  river  alN)ut 

1885.     It  was  at  that  time  proiK)sed  to  utilize  this  channel  as  one  of 

the  distributaries  of  water  from  the  Grant  Canal.    The  course  of  North 

Fork  is  westward  in  a  very  direct  line  toward  Summit  Lake,  but  before 

the  lake  is  reached  its  main  channel  swerves  northward  into  Fresno 

Swami).    The  iwrtion  of  the  Kings  River  delta  between  the  main  river 

on  the  south  and  the  Zalda  Canal  on  the  north  marks  the  very  flat 

summit  between  Tulare  Lake  and  Fresno  Swamp.     In  the  trough  of 

the  valley  near  and  to  the  south  of  Summit  Lake  the  general  elevation 

of  the  ground's  surface  on  this  summit,  the  lowest  \unut  on  the  border 

of  Tulare  Lake,  is  about  211  feet  above  mean  sea  level.     During  the 

last  high  stiigo  of  the  lake,  in  18(58,  the  depth  of  wat<T  over  the 

general  surfacje  of  the  countrv  at  this  iK)int  was  about  (>  feet. 

The  lands  of  the  Raneho  Laguna  de  Tache  have  always  been  so  well 
watered  that  the  irrigation  works  which  have  been  constructed  maybe 
regarded  as  serving  primarily  to  establish  a  convenient  control  of  the 
water  rather  than  as  works  intended  to  increase  the  supply.  To  pre- 
vent excessive  natural  inundation  it  has  been  found  necessarv  to  erect 
embankments  along  the  river,  also  to  construct  numerous  drain  ditches 
from  low  tracts  into  natural  channels  to  facilitate  drainage.  The  main 
irrigation  canal  supplies  water  to  a  large  number  of  distributaries,  t've- 
(fie ntly  natural  channels,  and  these  in  turn  to  small  irrigating  ditches, 
aRoall}^  2(K)  to  450  yards  apart.  As  the  entire  irrigation  system  lies 
vitliin  the  limits  of  the  raneho  there  has  been  less  stuily  of  metliods  of 
controlling  jind  distributing  water  than  would  have  heon  the  viiso  if  a 
large  number  of  consumers  had  to  be  supplied,  and  water  mcjasure- 
ment  has  been  entirely  out  of  the  question. 

The  Ran<*ho  Laguna  de  Tache  has  within  the  last  lew  years  become 
the  property  of  the  same  parties  who  control  the  Fresno  Canal.  The 
future  of  both  i)roperties  was  kept  in  mind  when  the  owners  of  the  ( Irant 
s<dd  Kings  River  water  to  the  Sunset  irrigation  district,  to  be  divertcMl 
by  way  of  Cole  Slough  into  the  enl:ir;r<Ml  (Irant  (^anal,  thenre  across  tlie 
Zalda  Canal  (North  Fork)  to  a  pr()[>ostMl  rcserv<>ir  near  Summit  Lake. 
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Ac'fonliiig  til  the  torms  of  tliis  af^rcement:  tbo  district  is  girisii  a  right 
of  way  and  ii  reservoir  sllc,  and  vatt-r  is  miUI  to  it  to  tlie  ezttentof 
•'{,.100  Kfcoiiti-fct^t,  sul)j(M>t  tu  tlie  prior  rights  of  tlie  owners  of  tbt 
raiiciio  and  <if  the  Fresno  (.'aiml  to  tlie  extent  of  3,000  second-feet,  and 
Kiib)i>i-t  also  to  the  i)roviso  ttiat,  for  use  on  the  ranch,  5IKI  8econ<l-fc?t 
may  be  taken  out  of  the  main  citind  of  the  district.  Tlie  price  p^d  by 
the  inigation  (listriet  was  :^1.'.~>0,OOI>  iu  district  bonds,  and  the 
giitc  arnouut  of  laud  iu  reservoir  sites  and  right  of  way  for  the 
was  not  to  exceed  2,)HHt  acres. 

Vrcsrmt  f.'imal. — This  canal  was  coiistruc^tcd  in  1885  and  II 
eamo  int4)  use  in  l.'^V  for  tlie  irrigation  of  lands  on  tbe  western 
the  extrenio  sonthern  iM>rtion  of  Fresno  Bwiiniit.  The  bead  of 
is  on  the  south  side  of  Nortb  Pork,  about  n  mile  to  the  nortbof  i 
I^akc.  Tbe  canal,  M'hich  is  itbout  S  miles  long,  has  a  westerly 
for  aboul  1  h  miles,  thence  northwesterly,  following  a  grade  line 
fall  of  (I  iiuthes  to  tbo  mile.  It  wa^  origiually  made  50  feet 
itslieiul;  it  was  2~i  feet  wide  several  miles  below,  and  60  feet 
its  lower  sections.  The  narrow  section  was  cut  to  the  full 
Jii',}2.  It  was  pbiinied  to  curry  water  :{  feet  deep, 
maintained  iu  the  head  of  tbe  canal.  This  is  a  shnpli 
Twelve,  light  gates  of  1  inch  boivnls  close  the  4.foot  openings  betwan 
vcrticid  iiosts  whiih  rise  from  a  plank  ttoor.  The  total  » idth  of  tlie 
i-egiilator  between  siile  walls  is  5(1  feet.  Its  height  is  about  l>  feet,  li 
is  weighted  on  tup  with  a  lilling  of  earth.  The  canal  supplies  water  in 
st-veral  thousjind  acres  of  land,  most  of  whicb  lies  within  the  limit  of 
overllow. 

The  laiial  is  owned  by  an  iiicoriioratcd  coui]>auy.  whose  capital  stoct 
was  lixed  at  ^T.l.iMHI,  in  l."(()  shares.  The  cost  of  the  canal  works  bai 
iH'eii  about  *.V""l.  The  canal  was  construilcd  for  the  supply  of  water 
to  lands  (jwned  by  its  stockholders  and  not  for  the  Side  of  water.  Eacb 
ivri^'ator  is  required  to  own  one  share  of  stock  for  each  qoartcr  seotiot 
of  land  (H»(>  acres)  which  he  wishes  to  irrigate.  All  dislribatiil 
ditches  are  constructed  by  the  irrigators,  who  take  water  from  flu 
niaiii  canal  at  the  most  convenient  iHiints. 

I'.oiitix  Diti-li. — This  is  a  canal  uf  the  lower  giimp  whose  head  itli 
the  Mtutli  side  of  Kings  Iliver.  about  one-half  mile  above  tbe  bead  M 
Cole  Sliiugli.  King-s  llivcr  nt  Ibis  point  Hows  in  a  bniud,  saudy  bedtO 
ivliich  there  is  a  steeiKk'scciit  of  about  M  feel  fiitm  tbe  level  oF  tin 
main  valley  plain  on  the  south.  The  canal  fidlows  the  margin  of  tlifai 
j>Iaiii  for  siiine  dislam-e  soulhwesteily  as  it  iccede.s  fj-om  the  riTer^Hd 
is  gi'a<)ually  bimiglit  oat  upon  tlie  suifat-e  of  the  plain  about  3  llAl 
bi'lc>w  its  iiead.  At  about  I  miles  below  its  head  the  distrilmtioO  of 
its  wati'r  to  iis  In'aiicijes  cniiiiitenccs.  TIjc  <li version  of  water  fiwil  tlil 
river  is  I'lrecIiMl  at  low  stages  liy  means  of  a  dam  of  brush  and  MWli 
whi<h  is  [luiiiially  repaiieil  nr  renewed  a(  consiilei  able  expense.  Until 
ttiihiii  rlio  Just  I't^w  yvais  llie  inilow  iut»  tW  e-Aw.kl  was  voutrollpdlv 


n.j 


PEOPLES    DITCH. 


63 


tiro  regalators,  one  of  which  was  within  a  qnarter  of  a  mile  of  the 
river  batik,  tlie  other  about  2  miles  below.  These  were  24  feet  in  width 
ud  were  of  tli©  ordinary  culvert  tyi>e  with  vertically  sliding  gates. 

Thoe  is  a  new  regulating  gate  now  in  service  within  several  huiKlrcd 
jvdBof  theliendof  tbecaniil.  Thia  is  a  mnstsive,  well-tiuilt  structure, 
SSfeet  wide  between  side  walls,  which  supports  an  earth  till  about  2 
f»t  thick,  serving  as  a  roadway  over  the  canal.  Tiie  space  Iwtneeii 
sde  walls  is  subdivided  by  lObylO-iuch  |K»sts  into  ten  bays  or  o])en- 
iogB,  each  of  which  is  closed  by  means  of  a  vertically  sliding  gate. 
Power  is  applied  to  the  gate  stems  by  means  of  a  lever,  tlu^  end  of 
fhich  engages  between  the  teeth  of  a  rack. 
The  canal  has  a  fall  of  only  about  one  half  foot  in  the  first  2  miles  of 
it)  course.  The  eEFective  fall  is  increased  somewhat  by  keeping  the 
lirasli  dam  at  a  good  height.  The  canal  as  <nif:iiiaily  couslruiied  was 
U  feet  wide  on  the  bottom,  .aod  was  intended  to  carry  -1  feet  nt'  water. 


Its  eirtimated  capacity  was  about  220  secoml-tW't.  Itelow  the.  second 
regulating  gate  the  width  of  the  canal  increases  to  .'>■)  Ie<'l,  and  the 
depth  of  water  to  be  cArried  is  only  ■(  feet.  These  diincnsions  are 
maintained  for  about  4  miles,  still  iu  a  southwesterly  direction  and 
ezt«Dding  well  into  the  northeastern  extremity  of  that  portion  of  the 
Kings  Kiver  delta  usually  referred  to  as  the  Mussel  SIoui^li  connliy. 
The  canal  has  three  principal  branclios:  West  Fork,  which  Ii-rminntes 
near  (Irati^teville;  Middle  Fork,  which  passes  Just  to  the  w<'stward  of 
Banford;  and  East  Foik,  which  passes  tliron;rh  the  southern  portiiui 
of  Ilanford  and  extends  to  points  4  miles  fartlicr  south.  The  a^jire- 
gate  length  of  the  main  canal  and  its  principal  brandies  is  iil)i>ut  'M 
miles.  This  canal  was  constructed  by  the  rei)])Ies  llitcli  Coiiipiinv  in 
IST.'t  and  the  following  yeara.  The  first  notice  of  a  chiini  to  water  was 
jKtsted  late  in  1872.  The  company,  formed  by  settlers  who  wanted 
water  for  their  own  lands,  was  (inallyiucorjHiratt-il  in  ]S7:i.  llsi;:\pit;il 
atock,  originally  fixed  at  !ilO,(Hm,  was  soon  inercase<I  to  i?3.1,(imi,  and 
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later  to  $100,000.  The  first  cost  of  tbe  canal  was  about  #50,000  (•] 
s(;(),0OO.  The  total  cost  of  canal  constrnction  and  annual  expena 
accoiiiit  had  reached  8120,(K)0  in  1881.  About  $4,000  to  $6,000  anj 
annually  expended  on  the  dam.  The  total  annual  expenditure  fif  j 
management,  maintenance,  and  repairs  is  about  $10,000. 

Of  the  1(H)  shares  into  which  the  company's  capital  stock  is  divided 
about  one-third  have  reverted  to  the  corporation.  The  remaining 
shares  are  in  the  hands  of  irrigators,  to  whom  water  is  delivered  ii 
amounts  proix)rtioiial  to  their  holdings  of  stock.  The  stockholders  an 
permitted  to  sell  the  water  to  which  they  are  entitled  and  to  ask  for  ita 
delivery  through  any  of  the  canal  branches.  Its  use  is  not  restricted 
to  any  i>articu]ar  tract  of  land.  The  delivery  of  water  to  irrigators  ii 
usually  through  gates  1  to  4  feet  wide.  It  is  discharged  under  pres- 
sure, tlie  endeavor  being  to  make  amounts  delivered  proportional  to 
stock  which  it  represents,  without  any  attempt  at  actual  measurement 
A  canal  superintendent,  with  necessary  assistants,  has  charge  of  the 
delivery  of  water.  Its  ecjuitable  distribution  depends  largely  on  tbe 
judgment  of  the  canal  superintendent. 

During  the  years  ISSli  and  1884  the  experiment  was  tried  of  selliog 
water  to  stockholders  at  $200  per  share  of  stock  per  year;  to  those  not 
holding  stock  an  equivalent  amount  at  $300  per  year;  but  it  did  not 
prove  satisfactory.  All  stockholders  are  assessed  to  meet  the  aunoal 
expenses.  The  area  of  land  actually  irrigated  or  benefited  by  the 
water  of  this  canal  is  about  25,000  acres. 

Mussel  Sloiu/h  Ditch. — This  canal,  which  is  now  out  of  service,  took 
its  name  fnun  one  of  the  d<'ltsi  channels  of  Kings  Eiver  which  has  been 
utilized  for  the  distribution  of  water.    The  canal,  unlike  the  other 
canals  of  the  Kings  River  delta,  was  constructed  for  speculative  pnr- 
I)()sos.    It  was  i>rop()sed  to  turn  a  large  volume  of  water  from  the 
river  into  the  slough  and  to  derive  a  revenue  from  its  sale  to  irrigators. 
The  hea<l  of  the  canal  was  on  the  south  side  of  Kings  River,  about  7 
miles  below  the  head  of  the  Peoples  Ditch.    A  narrow  cut,  the  original 
be<l  width  of  which  was  about  10  feet,  was  made  from  that  i>oint  south- 
erly into  and  then(;e  southwesterly  along  the  upper  i)ortion  of  the 
channel  of  Mussel  Slough.    The  bottom  of  this  cut  throughout  a  little 
more  than  a  mile  from  its  hea4l  was  made  level,  being  at  an  elevation  a 
little  brlow  that  of  the  river  bed  at  the  hea<l  of  the  canal.    The  upi»er 
portion  of  this  cut,  near  the  river,  is  over  14  feet  in  depth.    As  the 
canal  leaves  the  river  it  grows  wider,  and  at  about  3  miles  from  it^ 
head  the  natural  channel  of  Mussel  Slough  afforded  ample  capacity  for 
its  watiTs. 

Mussel  Slouch  and  its  ])rinci])al  branches.  Sand  Slough  and  Lone 
Oak  Slou*;;]!,  have  a  general  southwesterly  course  through  the  delta 
lands,  passinj^  to  the  west  of  Ilandford  and  extending  to  the  high  water 
liu«*  Hi"  Tnliir*'  Lak(». 

T/>  )»}/;//  (wtf'/it  t]u*.  cnuiil  lias  been  in  ust'.  \\\  \\u»  \;vst  Vvjw  \^*avi?.  \s  wot 
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hown.  It  is  now  oat  of  service,  and  was  not  in  use  for  three  years 
preceding  1886.  Its  head  was  closed  with  an  einbaiikineut  of  earth  in 
1884,  because  at  that  time  the  river  threatened  to  destroy  the  caual 
bead  gate  and  cause  inundation  of  the  upper  and  central  i)ortiotis  of 
tiie  delta. 

The  canal  head  gate  or  regulator  was  placed  in  the  deepest  portion 
of  the  cut,  ne<ir  the  bank  of  the  river.  It  was  made  24  feet  wide,  the 
space  between  its  walls  being  divided  into  a  number  of  openings  by 
yertical  posts,  between  which  gates  slid  vertically.  The  ^structure 
IukI  the  usual  upper  platform  loaded  with  earth,  making  a  roadway  20 
feet  wide.  Its  floor  length  was  40  feet.  Sheet  piling  8  feet  deep  was 
ued  on  the  upper  floor  line  and  for  12  feet  under  each  wing;  sheet 
piling  was  also  driven  6  feet  deep  across  the  caual,  on  the  middle  line 
of  the  floor  and  at  its  lower  edge. 

Throughout  the  length  of  the  natural  channels  utilized  for  the  wnt(T 
of  the  Mussel  Slough  Ditch,  check  weirs  or  gates  were  constructed  with 
vhich  to  hold  the  water  surface  at  or  above  the  surface  of  the  ground. 
Irrigation  was  to  be  accomplished  by  subirrigation  on  a  large  scale. 
The  charge  for  water  ranged  from  31^  to  62^  cents  i)er  acre  i)er  year. 
There  was  little  or  no  restriction  as  to  the  amount  of  water  to  be  used 
by  individual  takers  of  water,  and  the  principal  duty  of  the  canal 
superintendent  seems  to  have  been  to  prevent  those  from  taking  water 
who  had  no  intention  of  paying  for  it. 

The  total  cost  of  the  canal  works  connected  therewith  was  about 
150,(100  to  $(U),000. 

This  canal  was  constructed  in  1875.  Its  promoters  formed  a  corpora- 
tion with  a  capital  stock  fixed  at  S500,000,  divided  into  10.000  shares, 
all  of  whi<:h  remained  in  the  hands  of  a  few  persons.  The  canal 
capacity  was  about  200  to  300  second  feet. 

Loifi  Chirn^e  Ditch, — One  of  the  most  im])ortant  of  the  Kings  Kiver 
delta  canals  is  the  Last  Chance  Ditch,  whose  head  is  on  the  south  side 
of  the  river  about  2^  miles  by  river  above  Kingston.  The  couise  of 
the  canal  and  its  branches  is  southerly.  It  commands  a  district  3 
to  i  miles  wide,  extending  from  near  the  river  southerly  to  near  the 
high-water  line  of  Tulare  Lake.  Grangevillelies  at  the  eastern  border 
of  this  district  and  Armona  well  within  it.  Lands  along  its  eastern 
border  are  commanded  jointly  by  this  canal  and  the  Peoples  Ditch.  A 
oatural  cut  through  the  south  bank  of  the  river,  known  as  Leinberger 
Slough,  has  been  utilized  for  the  head  of  the  canal.  This  sl()U|;;i;h  is 
really  one  of  the  lower  delta  channels  of  the  river.  The  <an-il  is  cut 
from  its  south  bank  about  150  feet  from  the  river.  The  canal  reguUitor 
is  about  800  feet  below  its  head.  The  water  entering  the  head  of  the 
rioagh  is  divided,  a  portion  flowing  down  the  natural  channel,  the  rest 
entering  the  head  of  the  Last  Chance  Ditch.  The  canal  has  a  bed 
width  of  26  feet,  and  was  designed  for  a  4-foot  depth  of  water.  Its 
course  is  a  little  west  of  south  for  7  miles  to  a  point  half  a  mile  west  of 
IBB  18 5 
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GrangeviUe,  where  it  is  divided  into  two  principal  branches  Ow 
of  these  has  a  soathweaterly  course  and  at  the  end  of  3  miles  drops  iti 
water  into  a  natural  channel  which  has  a  aoutherly  course  and  coniiecti 
vitli  Mussel  Slongb,  The  other  branuh  within  a  mile  is  ajnin  divided, 
forming  a  middle  and  an  eastern  branch,  both  of  which  extfiid  h' 
toward  the  south.  Ttiese  main  branches  were  all  ninde  1(1  feet  widi) mi 
the  bottom  and  were  planned  to  carry  water  3  j  feet  deep.  The  gndirui 
of  the  canal  is  about  1  foot  to  the  mile. 

The  original  canal  regulator,  which  was  in  service  fh>m  1874  tn  IfWB, 
was  maile  18  feet  wide  between  side  walla  and  is  retxirted  to  biTt 
cost  $5,000.  It  was  replaced  by  a  second  one,  20  feet  wide,  at  a 
$3,000.  Tlie  removal  of  sand  froni  the  canals,  which  had  beeh  iwrpt 
in  by  high  waters  during  the  period  when  there  was  no  gate  at  tlie 
head  of  the  canal,  is  said  to  have  cost  $3,000.    The  regulator  is  of  th 
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ordiuarj'  box  type.  From  a  floor  30  feet  wide  and  3C  feet  long  (in 
the  dtrcctiim  of  the  caiuil)  side  walls  rise  to  a  height  of  14  fcet. 
Between  them  are  iwsts  whicL  support  a  plxtforni  or  bridge  that  ttttadi 
convenient  access  to  the  gates.  The  giitegiosts  divide  the  space  betwW 
side  walls  into  six  openings,  each  of  which  is  closed  with  plankinfC 
l>ermiincntly  from  the  top  down  to  about  5  feet  from  the  floor.  Tbe 
n'mniniiig  open  space  is  controlled  by  sliding  gates  having  n  long  stem 
or  stnndai  d  to  which  jOTwer  is  a]iplied  by  nieanf«  of  ii  lever  engaging  in 
the  teeth  of  a  rack.  The  gateposts  are  braced  from  below.  Loo6 
wings  extend  diiigonally  into  the  canal  luinks  above  and  below  tbe 
gate.  The  upper  ones  are  14  fiH't  high ;  the  lower  ones  about  4  feet 
Tonf,'ned  and  gntoved  4-inch  sheet  piling  was  <IriveD  Hi  feet  deep  along 
the  upper  eilge  of  the  floor  and  under  the  upper  wings.  Along  b»tli 
s/e/ea  of  the  lloor,  iifiosn  the  canal  at  its  lower  w\i\  vwA  ^ttW  ovA  wife^ 
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the  lower  wings,  3-mch  tongaed  and  grooved  sheet  piling  was  driven  8 
ftet  deep.  Piles  were  driven  to  a  depth  of  12  feet  under  the  braces  to 
gateposts.  Floor  sills,  piles,  and  main  posts  were  8  by  8  inches;  side 
tall  posts,  4  by  8  inches.  The  floor  is  of  3-inch  planking,  covered  by 
linch  boards.  Side  walls  are  of  2-inch  material,  also  covered  with 
liDch  boards.  Back  filling  was  selected  sand.  The  bed  of  the  canal 
below  the  gate  was  protected  by  a  layer  of  brush,  pinned  down  with 
stakes  6  to  8  feet  long. 

The  Last  Chance  Ditch  was  constructed  in  1873  and  1874  by  a  com- 
pany  known  as  the  Last  Chance  Water  Ditch  Company,  which  was 
organized  and  incorporated  by  the  farmers  to  wlia«<e  lan<ls  it  was  to 
Bapply  water.  The  original  30  shares  into  which  a  capital  stock  of 
(30,000  was  divided  were  a  few  years  later  increased  to  GO  sharcH,  and 
the  capital  stock  was  also  doubled.  Only  about  two-thirds  of  these 
shares  are  in  the  hands  of  stockholders.  Until  1886  all  opersiting  and 
repair  expenses,  about  $4,000  per  year,  were  assessed  upon  the  stock- 
holders, and  water  was  delivered  to  these  without  charge  in  proportion 
to  amount  of  stock  owned  or  controlled.  Since  that  time  water  has 
been  charged  for  at  rates  fixed  annually,  generally  $1.50  ])er  aero,  in 
order  to  make  actual  users  of  water  bear  an  increased  x)ortion  of  the 
canal  expenses. 

There  has  been  no  system  of  water  measurement  introduced.  Water 
is  delivered  to  irrigators  through  a  great  variety  of  gates;  generally, 
however,  through  openings  under  pressure.  A  canal  superintendent 
and  an  assistant  have  charge  of  its  distribution.  During  the  high- 
water  period  an  attendant  is  kept  constantly  at  the  head  gate.  The 
canal  ordinarily  flows  from  the  beginning  of  February  to  the  end  of 
July.    About  20,000  acres  of  land  are  dependent  upon  it  for  water. 

Lower  Kings  River  Canal, — This  is  another  south-side  canal  in  the 

Kings  Biver  delta.    Its  head  is  about  6  miles  below  Kingston.     Its 

course  is  southerly,  and  the  district  it  commands  lies  just  westward  of 

that  of  Last  Ohance  Ditch  and  has  Lemoore  in  its  center.    The  canal 

is  cut  southerly  from  the  river,  and  at  the  end  of  its  lirst  mile  reaches 

I^inberger  Slough,  into  which  its  water  is  dropi)ed.    It  is  reclaimed 

^m  this  slough  less  than  half  a  mile  below  that  point,  and  thence  has 

a  southerly  course  to  within  about  3  miles  of  Lemoore.    Two  i)iincipal 

branches,  each  about  16  feet  wide  on  the  bottom,  extend  toward  the 

8outh  from  this  jioint.    Near  the  river  the  main  canal  crosses  high-water 

sloughs  fed  by  the  over-bank  flow  from  Kings  River.    These  natural 

cLannels  have  been  closed  by  dams  on  the  lower  or  west  side  of  the 

canal.    Their  water,  together  with  other  water  escaping  from  Kings 

Hiyer  above  the  head  of  this  canal,  is  received  by  the  canal  and  carried 

to  Lemberger  Slough.    At  the  point  where  the  canal  leaves  this  slough 

a  waste  way  260  feet  long  is  maintained,  through  which  surplus  waters 

are  discharged.    This  is  a  very  light  timber  structure,  which  is  reported 

to  have  rendered  good  service.    Some  years  ago  it  was  proi)08ed  to 
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snpplement  it  with  a  second  waste  gate,  200  feet  long,  nearer  the  heai 
of  the  canal.  The  main  canal  regulator  or  head  gate  has  been  set  dosi 
to  the  river  bank.  A  secondary  regulating  gate  is  just  below  the  Lein 
berger  Slough  waste  gate.  Each  gate  is  about  40  feet  wide  betweei 
side  walls.  The  head  gate  is  arranged  similarly  to  that  described  fm 
tbe  Last  Chance  Ditch.  The  main  canal  is  about  40  feet  wide.  It  wu 
built  on  a  very  light  grade.  The  bottom  of  the  canal,  commencing  at 
the  same  elevation  as  the  river  bottom,  was  reported  level  throughout 
the  first  5  miles  of  its  course.  The  effective  gradient  slope  of  water 
surface  when  full  is  reported  at  4  inches  to  the  mile,  with  a  2^-foot  depth 

at  the  forks  of  the  canaL 
Work  on  this  canal  com- 
menced in  1870.  Twen^- 
seven  persons  joined  in  aa 
agreement  under  which  the 
canal  was  to  be  constructed, 
and  which  provided  that 
each  person  was  to  bear  i 
proportional  part  of  ^' all  ex- 
penses above"  his  "further 
boundary.''  It  was  at  flrat 
made  18  feet  wide  on  the 
bottom  near  its  head,  and  10 
feet  wide  at  5  miles  below 
its  head.  It  was  enlarged  in 
1873.  The  first  head  gate 
was  constructed  in  1872  and 
is  reported  to  have  had  a 
width  of  18  feet.  It  was 
washed  out  the  following 
winter  and  was  at  once  i^ 
placed  by  another,  which 
was  in  use  till  1876.  Afttf 
this  second  regulating  gati 
was  swept  away  the  can0 
was  operated  without  an  upper  gate  until  1879,  when  the  third  regU 
lator,  40  feet  wide,  was  built,  at  a  cost  of  about  $3,000. 

The  canal  was  built  and  is  owned  by  those  to  whom  it  supplies  watel 
Its  owners,  who  had  organized  as  a  company,  formed  a  corporation  i 
1873,  with  a  capital  stock  fixed  at  $30,000,  in  100  shares. 

The  water  in  the  canal  is  supposed  to  be  represented  by  those  share 
of  stock  which  have  been  issued,  which  is  a  little  more  than  onehal 
of  the  full  number  of  shares  of  capital  stock.  It  is  sold  by  directors  o 
the  company,  but  only  to  the  extent  of  the  shares  which  have  beei 
issued.  Each  of  these  represents  a  i)roportional  part  of  the  flow  of  tb 
canal  until  such  part  exceeds  144  miner's  inches.     Water  in  excess  c 
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imoant  is  at  the  farther  disposal  of  the  company.  Stockholders 
referred  purchasers  of  water  to  the  extent  of  the  shares  owned  by 
and  provided  the  application  for  water  is  made  preceding  a  fixed 

Each  share  of  stock  is  supposed  to  represent  sufficient  water  for 
sres.  The  annual  cost  of  canal  management  and  repairs  is  about 
0  to  $2,000.  The  first  cost  of  the  canal  was  about  $30,000.  For 
iber  of  years  alter  organization  all  expenses  were  assessed  upon 
tockholders,  but,  this  proving  unsatisfactory,  the  plan  of  selling 
'  was  introduced,  with  good  result.  The  extent  of  irrigation  from 
anal  may  be  noted  at  about  10,000  acres. 

yads  CandL — Iiands  to  the  west  of  Lemoore  to  the  extent  of  3,000 
KM)  acres  are  dependent  in  large  measure  upon  the  fiow  of  the 
ds  Canal  for  irrigation  water.  This  canal  in  its  upper  section  has 
ppearance  of  a  natural  high- water  channel.    From  a  point  on  the 

side  of  Kings  River  about  1^  miles  below  the  head  of  the  Lower 
s  River  Oaual,  this  channel  has  a  southwesterly  course  for  2  miles 
rother  Slough.  It  is  known  as  Wrights  Out,  and  is  claime^l  to  be 
nlargement  of  a  small  ditch  constructed  many  years  ago.  The 
ds  Canal  is  carried  southward  from  the  termination  of  this  cut  at 
!;her  Slough  about  7  miles.  It  has  a  bottom  width  of  about  16 
md  carries  water  about  2  feet  deep.  Water  is  taken  from  Carother 
;h  so  long  as  the  slough  has  a  sufficient  flow;  thereafter  a  little 
is  done  at  the  head  of  Wrights  Cut  to  turn  more  water  from  the 
into  the  canal. 

e  canal  is  reported  to  have  been  in  use  since  1868.  It  replaced  a 
ditch,  about  5  feet  wide,  which  had  been  in  use  some  years  before. 
»nal  belongs  to  a  number  of  farmers,  who  by  mutual  agreement 
rtion  its  water  and  expense  of  maintenance  among  themselves. 
9  is  no  regulator  at  the  head  of  the  canal.  Water  is  taken  by 
irrigator  as  he  may  re(}uire  it.  No  water  is  sold,  and  all  contribu- 
toward  expenses  of  maintenance  are  voluntary,  as  there  are  no 
s  of  enforcing  their  payment. 

ere  are  times  when  much  more  water  flows  in  Wrights  Out  than 
le  carried  by  the  lower  sections  of  the  canal.  The  surplus  roaches 
D  Slough  through  Oarother  Slough,  thonce  Esrey  Slougli  and 
'  natural  channels,  and  is  finally  reclaimed  for  the  irrigation  of 
\  abont  4  miles  southwest  of  Lemoore. 

3oft«  Canal. — This  is  a  private  high- water  canal,  constructed  about 
ears  ago  for  the  benefit  of  lauds  along  the  northern  margin  of 
re  Lake,  below  the  lake's  high- water  line.  Its  head  is  about  G 
.  southwest  of  Lemoore. 

SUNSET   IRRIGATION   DISTRICT. 

the  construction  of  the  works  for  this  district  has  not  commenced, 
rf  reference  to  the  district  and  its  proposed  source  of  supply  will 
e.  The  district  covers  tlie  lowest  portion  of  the  west  side  plain 
in  Joaquin  Valley,  extending  northward  from  the  southern  limit 
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of  Tulare  Lake  aboat  70  miles,  to  within  3  miles  of  Las  Juntas,  th 
point  where  Fresno  Slough  unites  with  San  Joaquin  River.  Its  widtl 
ranges  from  1  to  12  miles  and  its  area  is  about  363,500  acres.  The  dii 
trict  organization  was  completed  in  March,  1891.  After  estimates  o 
the  cost  of  works  necessary  for  its  irrigation  were  made,  a  bond  issoi 
of  $2,000,000  was  voted.  Of  this  bond  issue  $250,000  were  paid  k 
water  rights,  reservoir  site,  and  rights  of  way. 

The  plan  of  irrigation  involves  the  construction  of  a  large  reservoi 
in  the  vicinity  of  Summit  Lake,  which  is  to  be  formed  by  the  constrai 
tion  of  two  embankments  of  earth,  each  crossing  the  valley  trongl 
from  east  to  west.  Water  is  to  be  supplied  to  this  reservoir  froi 
Kings  Kiver  by  way  of  Cole  Slough,  the  enlarged  Grant  Oanal  (whio 
is  to  be  used  in  common  with  the  owners  of  the  Grant),  and  a  cam 
extension  to  be  carried  from  near  the  lower  end  of  the  Grant  Canal  i 
a  direction  a  little  south  of  west  across  the  North  Fork  of  Kings  Bivc 
to  the  reservoir  site.  From  the  reservoir  there  is  to  be  a  canal  nortl 
ward  and  a  second  one  southward,  both  supplied  with  water  by  gravit; 
flow  from  the  reservoir.  In  addition  to  these  two  low-level  canal 
there  are  to  be  eight  other  canals,  four  northward  and  four  southward 
each  11  feet  higher  than  the  one  next  below,  and  each  to  be  snpplie 
with  water  by  means  of  centrifugal  pumps  arranged  in  four  pompioj 
stations. 

The  specifications  drawn  for  this  work  do  not  indicate  how  the  sev 
enteen  pumps  that  are  prescribed  are  to  be  apportioned  to  the  seven 
pumping  stations.  The  pumps  are  each  to  have  a  capacity  of  10 
second-feet  raised  11  feet.  The  district  canals  are  to  be  of  sufficien 
size  and  length  to  carry  water  to  all  parts  of  the  district. '  The  reqoiN 
ments  concerning  canal  dimensions  are  not  made  specific;  they  are  t 
be  suitable  to  the  service  required,  which,  it  appears,  remains  to  b 
determined  as  work  progresses.  The  aggregate  length  of  the  proposo 
district  canals  is  estimated  at  500  miles.  The  contract  for  the  constnu 
tion  of  the  canal  system  complete,  including  the  necessary  pump 
engines,  and  boilers,  has  been  let  for  $1,500,000,  and  the  same  penoi 
who  has  taken  this  contract  is  also  the  purchaser  of  the  bonds  of  th 
district.  It  is  distinctly  expressed  in  the  contract  that  m  case  th 
bonds  are  not  taken  the  contract  may,  at  the  option  of  the  distric 
directors,  be  set  aside.  The  contract  was  made  several  years  ago,  m 
was  conditioned  upon  a  decision  by  the  Supreme  Court  of  the  Unitei 
States  sustaining  the  irrigation-district  law.  This  having  been  reo 
dered,  it  is  understood  that  the  contractor  has  now  declared  his  read! 
uess  to  proceed  with  actual  construction  work. 
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THE   FRESNO   PLAINS. 
DESCEIPTION. 

The  main  canals  which  divert  water  from  the  north  side  of  Kings 
AVer  at  or  near  the  upper  end  of  Centerville  Bottoms  and  eonnnand 
tbat  portion  of  the  San  Joaquin  Valley  plain  in  the  vicinity  of  Fresno, 
Selma,  and  Kingsburg  may  be  designated  the  Fresno  group  of  canals. 
These  canals  are  the  Kings  River  &  Fresno  Canal,  the  Fresno  Canal, 
the  Fowler  Switch  Canal,  and  the  Centerville  &  Kingsburg  Canal, 
all  of  which  have  already  been  described.  Their  branches  extend 
throughout  an  area  of  nearly  400  square  miles,  which  before  canal 
ooustruction  was  a  treeless,  sandy  plain.  It  was  almost  devoid  of 
natural  water  courses.  The  few  creeks  whose  i>eri(Klical  How  reached 
the  eastern  border  of  the  plain  to  the  north  of  Kings  Kiver  were  soon 
lost,  aud  there  was  no  sign  of  a  channel  beyond  their  ^' sinks.''  The 
natural  water  courses  in  the  eastern  portion  of  the  district  under  con- 
sideration, in  their  order  northward  from  Kings  Kiver,  were  Burns 
Slough,  Kip  (Lone  Tree)  Slough,  Mud  Slough,  Mud  Creek,  Fancher 
(Fanshaw)  Ci*eek,  Red  Hank  Creek,  Frolic  Creek,  and  Big  Creek.  Of 
these,  the  first  three  lie  to  the  south  of  the  point  of  the  mountain 
which  with  gentle  slope  extends  westward  on  the  north  side  of  Kings 
Kiver  to  a  point  2  miles  north  of  Centerville.  Burns  Slough  is  a  tribu- 
tary of  Kip  Slough.  The  sink  of  Fancher  Creek,  now  a  line  vineyanl, 
is  about  4  miles  east  of  Fresno.  The  waters  of  Red  Bank  and  Frolic 
creeks,  after  uniting  in  one  channel,  spreiid  and  disappear  0  miles 
east  of  Fresno,  near  where  Temperance  Colony  has  been  establislie<l. 
The  sink  of  Big  Creek  is  several  miles  to  the  northwest  of  Fresno. 

Some  of  the  channels  of  these  creeks  have  been  made  part  of  the 
canal  system.  Portions  of  Burns  Slough  and  Big  Creek  are  utilize<l 
for  water  of  the  Kings  River  &  Fresno  Canal.  Other  i)ortions  of 
Barns  Slough,  Kip  Slough,  Mud  Sh)ugh,  Mud  Creek,  and  Fancher 
Creek  are  now  the  main  channel  of  the  Fresno  Canal.  Lone  Tree 
Creek  is  an  im[)ortant  distributary  of  the  water  of  the  Fresno  Canal. 
By  the  utilization  of  these  natural  water  courses  the  canals  are  madt' 
the  recipients  of  the  drainage  water  from  the  foothills,  and  are,  at 
time  of  considerable  rainfall,  tiixed  beyond  their  t'apacity,  and  liave 
repeatedly  in  the  last  few  years  inundated  parts  of  Fresno  and  vicinity. 
A  pro]>er  drainage  system  in  this  locality  is  now  recognized  as  a  neces- 
sity, and  no  doubt  will  be  planned  and  executed  in  the  near  future. 
The  general  slope  of  the  Fresno  irrigated  region  is  from  northeast  to 
Sfiiuhwest,  at  the  rate  of  5  to  about  7  feet  to  the  mile.  The  surface 
of  tlie  country  for  the  most  part  is  very  smooth,  though  broad  ))elts 
ot  bog-wallow  or  knolly  ground  are  occasionally  found.  The  knolls  of 
these  hog-wallow  belts  are  generally  1  to  2  feet  in  height,  rarely  as  liigh 
as  3  or  4  feet.    The  knolls  are  close  together,  and  diameters  at  the 
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caused  a  rise  of  the  ground-water  plane,  and  that  it  will  continue  to 
inlinence  its  elevation,  the  question  whether  water  has  been  or  is  beiog 
lost  by  the  apparent  dnplicration  of  canals  remains  an  open  one.  Cer- 
tain it  is  that  were  all  water  drawn  from  the  river  in  one  main  canal  it 
would  still  be  necessary  for  branch  canals  to  extend  to  every  portion 
of  the  irrigated  region.  The  ground  water  would  be  expected  to  rise 
eciually  an  rapidly  as  at  present,  and  the  only  marked  saving  of  water 
would  result  from  the  exposure  of  a  decreased  surface  area  of  flowing 
water  to  evaporation,  and,  in  this  special  case,  from  a  possible  redae- 
tion  of  the  flow  of  water  from  the  main  canal  through  snbsoUs  baek 
into  Centerville  Bottoms. 

LOSS  OF  WATER  IIY  EVAPORATION  AND   SEBPAGB. 

The  loss  by  evaporation,  when  expressed  in  second-feet,  is  small  to 
any  of  the  canals  of  the  Fresno  system  when  compared  with  their  capa- 
city or  with  the  total  loss  by  infiltration  into  subsoils.  The  State  eugi- 
neering  <lepartmeut  made  experiments  to  determine  the  rate  of  evap- 
oration in  this  vicinity.  The  observations  were  extended  through  a 
four-year  period  at  Kingsburg.'  The  greatest  total  monthly  evapora- 
tion during  the  four  years  1881  to  1885  occurred  in  August,  1883.  The 
amount  of  water  evaporated  in  that  month  from  an  open  sheet  of  water 
wa^  equivalent  to  a  depth  of  0.945  foot.  At  this  extreme  rate  per  month 
the  loss  by  evaporation  from  the  surface  of  the  Fresno  Canal  through- 
out the  24.5  miles  of  its  length,  if  the  canal  be  considered  60  feet  in 
average  width  (which  allows  ample  margin  for  wet  banks),  would  have 
been  equivalent  to  a  continuous  flow  of  2.8  second-feet. 

To  det^Tmine  the  amount  of  water  which  sinks  into  the  subsoils  froiP 
the  canals  of  this  region,  measurements  of  their  flow  were  made  in  th< 
summer  of  1882  by  the  writer,  then  assistant  State  engineer.  Th^ 
results  will  be  found  on  pages  70  and  77,  in  tabular  form.  For  tli 
better  understanding  of  the  results  presented  in  the  tables  it  is  nece€ 
sary  to  refer  briefly  to  the  cliaracter  of  the  several  canals  and  ditohe 
whose  flow  was  at  that  time  measured. 

Tlio  Kings  River  &>  Fresno  Canal  at  its  head  cuts  at  once  into  th. 
upland  to  the  nortli  of  Centerville  Bottoms.  For  a  long  distance  it  l 
nearly  i)arallel  an<l  sometimes  very  close  to  the  Fresno  Canal,  with 
water  surface  at  a  higher  elevaticm  than  that  of  the  latter.  At  man. 
points  the  canal  carries  its  water  above  the  surface  of  the  acljaceut  plair 
Ponds  and  swamps  were  kept  full  of  water  which  the  canal  lost  by  pel 
eolation.  The  canal,  throughout  the  last  few  miles  of  its  first  12,  lies  i' 
a  good  channel  with  hardpan  bed.  The  loss  of  water  in  the  upper  L 
miles  was  at  the  rate  of  .S.77  second-feet  per  mile.  In  1882  the  sectioi 
of  the  canal  below  Red  Hank  Creek  was  poorly  maintained.  Wate 
was  allowed  to  spreiul  out  in  i>onds,  and  a  former  channel  lying  paralle 
to  the  present  canal,  and  generally  very  close  to  it,  frequently  carriec 
part  of  the  canal  waters.    No  lands  on  this  section  of  the  canal  wen 
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^pea,  fruits  of  all  kinds,  including  citrus  fruits,  corn,  melons,  etc. 
of  the  canals  irrigating  lands  near  Fresno  have  a  perennial  flow; 
others  divert  water  only  during  medium  and  high  stages  of  the 
Iver,  generally  from  January  to  August,  inchisive.  The  aggregate 
ipadty  of  the  four  canals  already  enumerated  is  about  1,550  second- 
feet  None  of  them,  however,  flow  for  long  periods  at  their  maximum 
jity.  The  demand  for  water  is,  fortunately,  greatest  at  the  time 
:irli6n  the  flow  of  the  river  is  greatest,  during  spring  and  the  early  part 
i^f  sammer. 

THE   CANAL   SYSTEM. 

All  of  the  canals  of  the  Fresno  system  take  water  from  Kings  Kiver 
above  Genterville.  Each  of  them  is  out  upon  the  upland  before  passing 
that  village.    Such  duplication  of  canal  work  seems  unnecessary. 

Each  of  these  canals  was  constructed  for  the  purpose  of  supplying 
water  to  some  particular  point  or  place  of  use;  thus,  the  Fresno  Canal 
f.  to  irrigate  lands  in  the  immediate  vicinity  of  Fresno,  the  Kings  Kiver 
ft  Fresno  Canal  to  irrigate  a  strip  of  land  just  north  of  the  Fresno 
Oanal,  the  Centerville  &  Kingsbnrg  Canal  to  irrigate  lands  near 
['  Sdrna,  and  the  Fowler  Switch  Canal  to  supply  water  to  the  vicinity  of 
Fowler  and  lands  westward  from  that  point.  By  reason  of  such  special 
requirement  in  each  case,  each  canal  rec^eived  an  alignment  as  direct 
M possible  from  the  proi)osed  source  of  water  to  the  point  of  delivery. 
The  main  canals  were  therefore  constructed  without  attempt  to  hold 
them  to  any  uniform  grade.  They  have  alignments  in  the  direction  of 
the  greatest  fall  of  the  country,  and  generally,  when  their  grade  is 
excessive,  check  weirs  are  used  to  prevent  erosion.  The  How  of  water 
in  the  Kings  River  &  Fresno  Canal  and  in  the  Centerville  &  Kings- 
bnrg Oanal  is  thus  regulated.  The  regulation  in  the  case  of  the  Fresno 
and  the  Fowler  Switch  canals  is  only  partial.  The  water  of  the  former 
of  these  canals  in  Fancher  Creek  is  generally  8  to  15  feet  below  the 
snr&ce  of  the  ground,  its  elevation  being  uncontrolled  by  structures. 

The  Fowler  Switch  Canal  was  constructed  on  a  very  irregular  grade 
line.    Its  grade,  when  possible,  was  placed  at  1.92  feet  to  the  mile, 
which  was  established  as  the  minimum  gradient.     At  some  points, 
however,  the  grade  was  no  less  than  12  feet  to  the  mile  for  short  dis- 
tances.   The  dimensions  of  the  canal  were  calculated  on  a  basis  of  a 
fell  of  1.92  feet  to  the  mile,  and  were  not  modified  for  heavier  grades. 
Consequently,  canal  dimensions  where  this  grade  was  exceeded  are 
excessive.    The  canal  was  originally  constructed  without  structures, 
either  for  the  regulation  of  its  flow  or  to  facilitate  diversion.    Eapid 
erosion  at  once  commenced  where  the  canal  bed  was  not  in  very  firm 
material,  and  after  a  short  experience  a  limited  nuuiber  of  check  weirs 
were  put  into  it  at  the  points  where  most  required.    The  stiuctures  in 
this  and  in  the  other  canals  of  the  district  are  very  l\g\il  Wmb^iT  ^^«a\^^ 
hut  generaJJjr  well  adapted  for  the  purpose  which  tUey  arci  t»o  ^eTve^. 
In  view  of  the  fact  that  the  irrigation  of  this  region  \\aa  m  t^ie>  -^"aaX 
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edge  of  the  bluff  from  upland  to  the  river  bottoms,  and  less  than  ball 
a  mile  distant  from  it.  For  several  miles  the  canal  is  within  several 
hundred  yards  of  the  edge  of  the  descent  to  the  bottoms,  which  lie  21 
to  30  feet  below  the  surface  of  the  upland.  This  location  in  poroni 
soils  and  subsoils  canses  great  loss  of  water  by  percolation.  Nearlj 
86  second-feet  were  lost  by  the  canal  in  less  than  6  miles,  and  in  ib 
seventh  mile  the  canal  lost  52  second-feet.  This  last  result  is  based  oi 
measurements  of  the  flow  of  water  over  two  weirs  1  mile  apart,  appar 
ently  in  good  condition.  The  average  loss  per  mile  from  the  canalii 
the  r>^  miles  of  the  upper  section  examined  was  15.03  second-feet 

Lo88  of  water  from  the  Kings  liiver  tf-  Fresno  Canal. 


Name  of  canal  or  ditch,  and  locality. 


Distance 
below 

head  of 
canal, 

in  miles. 


Disoharee,  in 
second-feet. 


Main 
canal. 


80.40 


Diverted.    TotaL 


Lossbetwea 
stationa,  Id 
second-feet. 


Per 
mile. 


K.  R.  &  F.  C,  one-half  mile  below  head 0. 50     133. 83 

Bnrna  Ditch 1.00 

Hnnsen  Ditch 4.00 

Fancher  Creek  (wastage) 8.00 

Ditch  on  south  side 8. 00 

Do 9.00 

K.  R.  &  F.  C.  at  Hawkins  Weir 9.00  !  '78.18 

Wastage 

Ditch  on  south  side 11. 50 

K.  R.  &  F.  C.  in  Red  Bank  Creek  Flume 12. 00 

Dog  Creek  (wastage) 13. 25 

Ditch  on  north  si<le 16.  (X) 

EggersDitch 16.75 

K.  R.  &  F.  C.  at  Eggers  Weir |  16.75 

K.  R.  &  F.  C,  west  line  of  section  17 j  17. 75 

Ditch  on  south  side 17.80 

Scandinavian  Colony  Ditch 18.  25 

K.  R.  «&.  F.  C.  at  upper  Scand.  Col.  Weir I  18.25     '36.74  | 

Scandinavian  Colony  Ditch '  18.35    '      1.46 

Do I  18.50    i      2.42  \ 

Do I  18.60  I I      1.00  ! 

Do '  18.70    :      2.39  [ 

Do I  18.80    14.50  1 

K. R. &  F. C, lower  Scand. Col.  Weir '  19.00     '25.51  | ! 

Big  Creek  (wastage) j  19.25  i 1      1.50  , 

.20  ' 

.43  j 

8.71  1 


43.36  '37; 


55. 72 
'49.56 


>16.50!3.4« 


)  4.44 


Wastage 

Ditoh  on  north  side 

Cooper  A  Helm  Ditch. . . 
,JF, CL^m^  Cooper  Weir 


\ 


19.75 
20.25 
20.30 


11.73 


1.2 


*  Approxiiunl* 
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Lo$a  of  water  from  the  Fresno  Canal. 


Name  of  canal  or  ditcli,  and  locality. 


!6no  Canal  at  Road  Bridge 

Centerville  Branch 

Lone  Tree  Branch 

Ditch  on  soath  side 

Limbangh  Dam  Ditch 

i0U(>  Canal  at  Liuibaugh  Dam 

Briggs  Canal 

Eiseu  Canal  

ssDo  Canal  at  Hobler  Dam 

Easterby  Ditch 

Matters  Ditch  (north) 

Malters  Ditch  (central) 

Washington  C(»lony  Branch 

esDo  Canal  at  head  of  Wash.  Col.  Branch 

Fresno  Colony  Canal 

North  Central  C«>lony  Canal 

Main  Central  Colony  Canal 


Distance 
liclow    I 
head  of  : 
canal,    ! 

in  milc«. 


DiHcharjire,  in 
second -foet. 


l.L^5 
1. 75 
3.25 
5.00 
12.50 
12. 50 
14.00 
11.00 
14.00 
17. 25 
19.00 
19.00 
19.50  ' 
19. 50 
23.50  ' 
23.50 


23.50 


Main 
canal. 

Diverted. 

381.00 

.... .... 

17.80 

69.39 

.50 

58.72 

139.08 

.30 

14.09 

107.88 

5.60 

6.30 

1.69 

45. 50 

60.40 

14.15 

13.88 

28.16 

•"••-•   •• 

LosH  botwM'n 
Htatifins,  in 
second -I'eet. 


TotaL 


Per 
mile. 


95.51     8.49 


5.  20       .  74 


3.81       .95 


Lo88  of  water  from  the  Centerville  «V'  KingsbHrtj  Canal. 


&  K.Canaly  one-half  mile  below  head 

Ditch  on  west  side 

Do 

C.  &  K.  Canal  at  weir,  in  sec.  23  . . . 

Garfield  Canal 

C.  &,  K.  Canal  at  weir,  in  sec.  26  . . . 


5.06   >85.94 
4.00 


0.50    aie.oo 

5.50  j 

O.  It)     ........ 

6. 00     2ri.  00 

7.00    ■    26. a5    ^->2.35 

7. 00     172. 00 


15.  o:^ 


52.35 


Other  examples  of  the  loss  of  water  from  smaller  ditches  by  percola- 
minto  the  subsoil  are  the  following: 

On  Juue  21,  1882,  water  was  being  used  for  the  irrigation  of  a  vine- 
rdin  Scandinavian  Colony.  The  water  was  diverted  from  the  main 
pply  canal  into  a  small  dxtcli  about  2  feet  wide.  It  was  conducted 
St  alfalfa  fields  and  vineyard  lands  a  distance  of  one  half  mile  to  the 
int  where  it  was  being  used  for  irrigation.  The  soil  crossed  by  the 
:ch  is  a  sandy  loam,  with  ground  water  at  8  feet  below  the  surface, 
ater  was  measured  at  tlie  point  of  diversion  and  at  the  poiut  of 
livery  in  exactly  the  same  way,  over  small  oveTfvxW  vf^\\«».  ^\ve 
oant  diverted  was  1.70  secoud-feet,  and  the  los%  m  tr^w^W.  VN.'V^ 
nd-fo(ft 
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Oil  Jane  14, 1882,  the  orchard  of  the  Gould  Ranch  north  of  From 
was  being  irrigated.  The  water  used  for  this  purpose  was  flowing  ni 
<litch  having  an  average  width  of  3  feet  One  mile  above  the  poiit 
where  the  water  was  being  used  the  discharge  of  the  ditch  was  2,41 
seeond-feot.  The  loss  by  i>ercolation  before  i-eaching  the  point  of  ddir- 
eiy  was  1.42  second-feet.  Shade  trees  were  growing  along  portions^ 
the  ditch,  and  its  banks  were  overgrown  with  grass.  The  ditch  had 
been  ill  use  several  years.  The  soil  through  which  it  flows  is  a  aaa^j 
loam  5  to  8  feet  deep. 

On  June  26, 1882,  a  ditch  which  leaves  the  Fresno  Oanal  at  a  poiit 
about  4  miles  east  of  Fresno  was  carrying  5.G0  second-feet  near  id 
head.  One  mile  below  it  was  receiving  0.03  second-foot,  and  at  othff 
point9»  0.04  second-foot;  its  flow  4  miles  below  its  head  was  only  IJI 
second-feet;  it  had  lost  4.38  second-feet.  This  ditch  has  an  average 
width  of  about  8  feet.  It  carried  its  water  at  or  a  trifle  above  thelevd 
of  the  ground's  surtace. 

EFFECT  OF   IRRIGATION  ON  THE  WATER  TABLB. 

In  no  other  irrigated  region  in  California  is  the  eflbct  of  irrigation  on 
the  elevation  of  the  water  table  so  plainly  apparent  as  in  the  vicini^ 
of  Fresno.  Here,  notwithstanding  the  0  feet  per  mile  slope  of  the  sur- 
face of  the  country,  tlie  subsoils  have  been  and  are  being  gradually  sat- 
urated with  water.  When  irrigation  commenced  the  loss  of  water  from 
canals  in  transit  to  lands  to  be  irrigated  was  very  great,  and  after 
reaching  its  destination  it  was  found  that  frequently  enough  water  was 
put  upon  the  surface  of  individual  small  tracts  of  land  to  havecoven^d 
them  to  an  average  depth  of  15  to  20  feet  in  a  season.  Most  of  this 
water  found  its  way  into  subsoilii,  together  with  the  direct  loss  of  water 
from  the  canals.  When  the  first  wells  were  dug  at  Genterville  water 
was  found  at  about  20  feet.  It  is  now  at  10  to  15  feet  below  the  sur- 
face, and  will  probably  not  rise  much  higher  on  account  of  ample 
drainage  of  subsoils  and  a  comparatively  free  subsurface  flow  toward 
the  low  river  bottoms. 

Along  Fancher  Greek,  where  the  creek  is  used  as  a  canal,  ground 
water  was  formerly  at  50  to  75  feet  below  the  surface;  it  is  now  at  12 
to  20  feet  along  the  up])er  i)ortion  of  the  creek,  and  still  nearer  tbe 
surface  near  the  former  sink  of  the  creek,  about  4  miles  east  of  Fresno- 
In  the  Eisen  vineyard,  5  miles  east  of  Fresno,  ground  water  is  at  4  to 
6  feet  below  the  surface,  and  drain  ditches  have  been  constructed 
to  prevent  a  further  rise.  Ground  water  is  found  at  4  feet  below  the 
surface  in  many  i)arts  of  Temperance  Colony,  Nevada  Colony,  and 
Fresno  and  Central  colonies.  Throughout  a  considerable  area  neai 
Fresno  its  surface  is  nowhere  more  tlian  10  feet  below  ground,  thougb 
before  irrigation  commenced  depth  to  water  was  CO  feet.  Cellars  whict 
were  in  use  until  18S4  in  Fresno  have  been  coivde\v\\\ft(l\>wi«WL«fc  ^;rouu^ 
water  made  Jt»  appearance  in   them,     ^ear  ^eiVmob  oaOi  l^\i^\^^ 


«»™kt.]  methods  op  irrioatino  and  duty  of  water.    79 

KTonnd  water  was  formerly  found  at  about  30  feet.    It  is  now  at  about 

15  feet.    The  so-called  **Sand  Hollow,''  which  is  a  depression  UH)  yanls 

to  one-fourth  of  a  mile  wide,  12  miles  long,  and  about  IG  feet  deep, 

having  a  southerly  course  and  passing  about  midway  1)etween  Selnia 

and  Kingsbnrg,  was  formerly  as  dry  as  the  surrounding  l>]ain.     About 

1880  the  soil  in  its  bed  was  found  to  require  less  moisture  to  pnxluce 

eropsthan  the  adjacent  plain;  in  1885  wat<;r  appeared  at  tlie  lowest 

points  of  the  bed,  and  in  June  of  that  year  it  had  risen  to  the  heads 

of  ripeuing  grain.    Spots  of  black  alkali  now  mar  its  bed  and  sides, 

which  before  were  a  light  sand,  apparently  free  from  any  excess  of 

alkaline  salts. 

Near  Sanders  and  at  x>oints  eastward  from  there  toward  Kiii^s 
Biver  ground  water  was  at  54)  to  (10.  feet  before  irrigation  ('ommenced; 
it  is  now  at  20  to  30  feet.  Here,  as  in  the  case  of  Centervilhs  prox- 
imity to  the  river,  which  lies  60  feet  below  the  surface  of  the  plain, 
may  interfere  with  a  much  greater  rise  of  the  ;j:roun(l-water  plane. 

In  connection  with  this  change  in  the  elevation  of  the  ground-water 
plane,  it  must  be  remembered  that  the  effect  of  irrijration  extends  far 
beyond  the  points  now  under  ditch.  Owing  to  the  slope  of  its  surface 
aod  consequent  hydrostatic  pressure,  groun<l  watiT  has  a  slow  but 
certain  motion  westward  through  pervious  subsoils  of  the  Fresno 
region,  and  may  therefore  ultimately  contribute  more  or  less  toward 
the  flow  of  Fresno  Slough  and  Qan  Joaquin  Biver. 

METHODS  OF  IBBiaATINO  AND  DUTY  OF  WATKR. 

At  the  time  irrigation  commenced  near  Fresno  the  soils  and  subsoils 

were  dry;  depth  to  ground  water  was  30  to  (>0  feet.    The  ground  was 

poroas,  generally  sandy,  sometimes  very  hard  on  the  surface.     When 

wet  it  was  converted  into  a  bog.    Water  i)asse(l  through  it  readily  into 

the  lower  strata.    Thorough  wetting  compacted  the  soil,  and  it  was  l(»ss 

Jiable  to  conversion  into  slush  after  the  lirst  and  sec^ond  wettings  than 

before.    It  settled,  as  a  result  of  the  first  wetting,  about  8  inches  to  1 

Fo<jty  on  an  average.    Sometimes  the  full  supply  of  a  ditch  would  How 

for  hours  into  a  hole  formed  by  the  breaking  in  of  the  surface.    ( -avi- 

tie«  20  feet  in  diameter  and  6  to  10  feet  deep  were  occasionally  fornuMl 

in  this  way,  and  had  to  be  refilled  after  the  lirst  wetting.    The  stai>ility 

of  buildings  was  in  danger  when  water  was  lirst  brought  near  tlieni. 

It  is  not  surprising,  under  these  circumstances,  that  when  irrigation 

eomnaeneed  in  this  region  sometimes  enough  water  was  ran  on  small 

areas  at  one  irrigation  to  have  covered  them  5  feet  in  depth,  and  that 

enough  water  was  delivered  to  some  of  the  20-acre  colony  lots  south  of 

Fresno  to  have  covered  them  to  an  average  depth  of  tiO  feet.     After 

irrigation  was  practiced  for  a  time  the  soils  became  more  compact, 

absorbed  water  less  rapidly,  and  a  smaller  amount  of  water  ])assed 

into  subsoils.    At  present  the  ground  water  near  Fresno  is  so  near  the 

surface  that  the  roots  of  alfalfa,  vines,  and  trees  readily  penetrate  to 
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it  and  soils  are  kept  moist  by  the  water  rising  from  below.    Snr&oe 
wetting  h<is  become  unnecessary  in  many  sections. 

Where  land  is  held  in  tracts  of  20  to  40  acres,  as  in  the  colonies  near 
Fresno,  the  subdivisions  of  alfalfa,  vineyard,  orchard,  etc.,  are  smalL 
The  individual  irrigator  has  but  a  small  area  of  soil  to  moisten  and, 
because  many  irrigators  in  his  neighborhood  necessarily  require  water 
at  the  same  time,  he  can  probably  command  but  a  small  flow  with  which 
to  accomplish  his  irrigation;  consequently  he  devotes  more  than 
ordinary  care  to  the  preparation  of  his  land,  and  if  the  duty  of  water 
is  not  so  high  on  his  lauds  as  it  ought  to  be  the  good  will  of  the  irri- 
gator is  not  at  fault. 

The  subdivision  of  land  holdings  into  small  tracts  and  the  greedy 
absorption  of  water  at  the  outset  by  the  dry  soil  of  the  Fresno  plains 
were  the  prime  factors  whi(^h  have  controlled  methods  of  irrigation. 
That  which  most  frequently  found  favor  was  flooding  in  small  checks 
whose  surface  had  been  made  perfe(*.tly  level,  it  being  extremely  desir- 
able to  quickly  cover  the  whole  surface  to  be  wet  with  a  thin  sheet  of 
water.  Drainage  ap]>eared  unnecessary,  as  all  surplus  water  delivered 
into  a  check  rapidly  sank  into  the  ground. 

The  area  of  these  level  checks  generally  ranges  from  one-quarter  of 
an  acre  to  2  acres.  They  are  nearly  always  made  rectangular.  In 
alfalfa  fields  the  levees  inclosing  them  are  often  made  so  flat  and  low 
that  farming  implements  can  pass  over  them.  Their  position  is  adapted 
to  the  configuration  of  the  country,  in  order  to  make  the  work  of  level- 
ing as  small  as  possible.  Irrigation  ditches  are  so  arranged  that  th^ 
is  an  inlet  from  a  ditch  into  each  check.  No  drains  are  provided.  All 
surplus  water  entering  a  check  is  allowed  to  sink  into  the  soil.  The 
cost  of  preparing  land  in  this  way  has  been  variously  stated  by  the 
irrigators  at  from  $15  to  $50  per  acre. 

Water  is  admitted  into  the  several  checks  through  small  gates,  or 
occasionally  through  small  sluice  boxes,  generally  constructed  of  1  inch 
redwood.  Water  in  the  irrigating  ditches  is  controlled  by  means  of 
small  g  ites  closed  by  loose  boards  moving  easily  in  vertical  grooves. 
Sometimes  a  notched  board  is  set  across  the  ditch,  so  arranged  thatthe 
notch  can  be  closed  by  means  of  a  board  upon  either  side  of  the  notch. 

The  system  of  Hooding  in  checks  formed  by  contour  levees,  which  has 
found  much  favor  with  Kern  River  irrigators,  is  in  use  only  for  ths 
irrigation  of  large  tracts  of  alfalfa,  but  where  used  in  the  vicinity  of 
Fresno  the  area  of  the  checks  is  kept  small,  rarely  exceeding  in  any 
case  .'5  or  i  acTCs,  whereas  in  the  Kern  Kiver  country  the  area  of  s 
single  check  fre(iuently  exceeds  10  acres.  Contour  levees  are  lower 
for  checks  of  smaller  area.  The  expense  of  ground  preparation  is 
greater,  but  irrigation  is  more  economical,  as  with  small  checks  much 
time  and  water  are  saved.  The  contour  levees  usually  follow  closely 
4-to  G  inch  contour  lines.  Soils  are  so  porous  that  irrigation  in  each 
check  is  complete  wijeu  water  has  been  made\jo  co^et  \\;&  ^VqV^  «cea^ 
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otbervnae  there  is  no  deviation  Arom  the  ordinary  practice  of  irrigation 
in  contour  checks. 

A  third  system  of  flooding  is  sometimes  practiced,  though  it  has  not 
ibond  general  favor.  It  is  that  of  flooding  the  surface  with  water  from 
unall  ditches  which  are  carried  along  the  tops  of  ridges,  or  very  nearly 
on  contour  lines.  The  water  of  these  is  made  to  overflow  one  or  both 
banks, and  as  the  thin  sheet  of  water  flows  over  the  surface  it  is  guided 
and  to  some  extent  controlled  by  attendants.  Unless  the  ground  is 
very  knoUy  this  system  requires  but  little  preparation,  except  the  con- 
struction.of  the  irrigating  ditches,  but  the  application  of  water  is 
attended  with  much  greater  expense  than  under  the  pn^cediug  systeius. 
It  has  been  in  use  for  trees  and  vines  as  well  as  for  alfolfa. 

The  furrow  method  of  irrigation  is  growing  in  favor.  It  is  practiced 
in  many  ways,  according  to  conditions  of  surface  slope  and  crops  to  be 
iirigated.  When  water  is  to  be  supplied  to  the  surface  of  grain  land 
in  large  areas  it  is  generally  done  by  the  furrow  method.  Distributing 
ditches  supply  water  to  plow  furrows  or  to  small  temporary  dit<;hes 
which  are  placed  so  close  together  that  water  can  readily  permeate  the 
surface  soil,  particularly  that  portion  of  it  which  has  been  loosened  by 
the  plow.  The  furrows  may  be  run  on  or  near  contour  lines;  they  may 
be  run  in  the  direction  of  the  greatest  slope  of  the  ground's  surface,  or 
tliqrniay  be  run  in  parallel  lines  between  the  rows  of  trees,  vines,  corn, 
vegetables,  etc.  Sometimes  this  system  of  irrigation  is  practiced  in 
level  checks  for  trees  and  vines  in  preference  to  the  plan  of  flooding  the 
whole  surface. 

When  grain  land  is  to  be  irrigated  by  the  furrow  method  the  furrows 

are  drawn  8  to  12  feet  apart  in  the  direction  of  the  greatest  slope  of  the 

ground,  unless  this  be  so  great  that  water  flowing  in  the  furrows  would 

cause  erosion.    Should  this  be  the  case  they  are  drawn  obliquely  to  the 

g^reatest  slope.     The  irrigating  ditches  are  located  on  the  ridges,  if 

there  be  any,  or  on  grade  at  intervals  of  one-half  to  one-quarter  mile 

from  near  theupper  edgeof  the  tract  to  be  irrigated,  and  about  parallel 

with  it,  to  near  the  lower  edge  of  the  tract.    The  irrigation  commences 

at  the  highest  point  of  the  field  trom  the  upper  ditch.     Water  is 

admitted  into  a  number  of  furrows,  in  which  it  flows  until  moisture 

reaches  the  next  ditch;  it  is  then  turned  into  other  furrows,  until  all 

tbe  farrows  between  the  first  and  second  ditches  have  been  wet. 

H^eapon  the  water  is  turned  into  the  second  ditch,  another  set  of 

fiirrows  is  wet,  and  so  on  until  irrigation  is  complete. 

This  system  of  wetting  from  furrows  is  practiced  for  grain  land  as 
vrell  before  seeding  as  when  a  growing  crop  is  to  be  irrigated.  In  the 
latter  case  the  refilling  of  small  ditehes  and  furrows  that  would  other- 
wise interfere  with  harvesting  operations  adds  somewhat  to  the  expense 
of  irrigating. 

Under  the  furrow  system  of  irrigatinf^  each  attendant  ordinarily  con- 
trols about  1^  to  2  second-feet,  and  water  is  generally  turned  ofl'  at 

IBB  1^ 
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night,  owing  to  the  difficulty  of  controlling  it  in  the  dark.    On  the 
sandy  soil  of  the  region  covered  by  the  Genterville  &  Kingsbnig   , 
Canal,  where  this  method  of  applying  water  lias  found  more  &vor  thu  I 
elsewhere,  irrigation  progresses  at  the  rate  of  about  2  acres  per  day   ^ 
for  each  second-foot  of  water.    Each  irrigation  is  there  equivalent  to   ; 
an  average  depth  of  one-half  foot  of  water  over  all  the  land  irrigated. 
It  should  be  stated,  however,  that  very  little  wheat  land  is  regularly 
irrigated  on  the  Fresno  plains  at  points  where  water  must  be  applied 
to  the  surface  soil.    Irrigation  is  rather  a  last  resort  to  save  a  growing 
crop  which  the  farmer  hoped  would  mature  without  irrigation.    For 
the  regular  irrigation  of  grain  land  it  is  customary  to  rely  upon  one 
irrigation  in  the  £a11  of  the  year  before  plowing.    The  moisture  then 
absorbed  is  sufficient  to  supplement  the  scant  rainfall  and  make  a  good 
harvest  reasonably  certain. 

The  lack  of  natural  deep-cut  drainage  lines  through  the  lands  of  the 
Fresno  district  has  already  been  alluded  to.  Their  absence  has  made 
possible  the  remarksible  filling  of  the  subsoils  with  water  and  the  rising 
of  the  ground  water  to  within  a  few  feet  of  the  surface.  Whenever 
ground  water  is  brought  so  near  the  surface  that  capillary  attraction 
and  the  hygroscopic  properties  of  soil  cause  water  to  rise  sufficiently 
high  to  moisten  the  surface  layers  of  soil,  other  methods  of  supplying 
moisture  become  unnecessary.  Crops  are  irrigated  if  ground  water  is 
permanently  held  at  this  height,  or  if  it  is  so  frequently  raised  to  this 
height  that  the  soils  under  cultivation  receive  all  the  moisture  required 
from  below.  Where  water  is  thus  brought  within  reach  of  plant  roots 
the  system  of  irrigation  is  locally  oft^n  referred  to  as  ^'irrigation  by 
percolation."  It  becomes  a  system  when,  as  in  the  Mussel  Slough 
country  south  of  Kings  Kiver,  the  canals  at  the  proper  season  supply 
the  requisite  amount  of  moisture  to  the  cultivated  tracts  without  bur- 
dening them  with  an  injurious  surplus  during  the  rest  of  the  year. 

By  the  rising  of  the  ground-water  plane  near  Fresno  large  tracts  of 
land  have  been  permanently  moistened.  Some  arc  very  thoroughly 
subirrigated,  and  in  many  instances  injuriously  so.  Belief  must  be 
sought  in  some  localities  either  by  drainage  or  by  proper  regulation  of 
the  supply  of  water  to  the  district,  whereby  the  elevation  of  the  water 
table  may  be  controlled. 

Near  the  Fresno  Canal,  about  7  miles  northeast  of  Fresno,  lands  were 
already  too  moist  in  1882  to  permit  fanning  operations.  Drain  ditches 
4  feet  deep  were  then  in  use  in  Temperance  Colony  to  drain  the  sur- 
face soil.  In  1885  drain  ditches  1  to  6  feet  deep  were  in  use  in  the 
Eiseu  vineyard,  5  miles  east  of  Fresno,  to  keep  ground  water  at  least 
4  feet  below  the  surface  of  the  ground.  Parts  of  the  town  of  Fresno, 
parts  of  Fresno  and  Central  colonies,  and  lands  to  the  north  and  west 
of  b'resno  may  be  cited  as  other  instances  of  the  too  close  proximity  of 
ground  water  to  the  surface. 

Some  reference  has  already  been  made  to  the  time  of  irrigating  cer- 
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^ ""  ■  tain  kinds  of  crops  and  the  amount  of  irrigation  accomplished  by  a 
stated  amount  of  water.  Some  farther  illustration  of  the  time  when 
water  is  required  for  different  products,  and  of  the  quantity  absorbed 
by  8oQs  under  the  various  conditions  of  irrigation  in  this  vicinity,  may 
not  be  oat  of  place  here. 

Alfalfa,  except  when  the  water  table  is  so  near  the  surface  that  soil 
is  kept  moist  from  below  during  the  entire  growing  season  of  this  plant, 
is  almost  invariably  irrigated  once  for  each  crop  of  hay  cut.  Tlie  iirst 
irrigation  is  early  in  spring  and  the  tirst  hay  is  cut  in  May ;  the  succeed- 
ing ones  at  intervals  of  about  five  or  six  weeks.  The  number  of  crops 
eotis  generally  four;  the  average  yield  per  acre  is  1  to  1  j  tons  per  cut- 
ting. Irrigations  subsequent  to  the  first  of  the  season  are  given  either 
before  or  just  after  the  cutting  of  each  crop.  It  is  said  in  favor  of 
irrigation  before  cutting  (about  one  week  or  ten  days)  that  then  the 
ground's  surface  is  shaded,  it  does  not  bake  so  hard  in  drying,  and 
ttie  new  growth  of  alfalfa  is  better  able  to  withstand  the  heat  of  the  sun 
than  if  subjected  to  an  irrigation  after  the  hay  is  cured.  But,  whenever 
al£Edfa  is  irrigate  before  catting,  in  checks  not  perfectly  level,  water  in 
aome  parts  of  these  stands  too  long  about  the  plant,  too  much  of  the 
plant  is  submerged,  and  the  quality  of  the  hay  is  impaired. 

Where  the  ground  water  is  so  close  to  the  surface  that  it  supplies  suf- 
ficient moisture  to  alfalfift  land,  occasional  fioodings  are  necessary  to 
iiown  gophers. 

--  -i     Trees  and  vines  were,  until  the  last  few  years,  very  copiously  and  very 
^■■i  frequently  irrigated  in  this  region.    Trees  were  generally  watered  three 
/  or  four  times  during  the  spring  and  summer;  vines  sometimes  every  two 
'M   to  three  weeks.    The  water  during  the  first  years  of  irrigation  near 
I     Fresno  was,  almost  without  exception,  applied  to  the  surface,  and  the 
|f     resnlt  was  that  the  roots  of  trees  and  vines  frequently  failed  to  pene- 
trate into  the  subsoils,  entailing  evils  which  could  not  easily  be  cor- 
rected  and  which  were  particularly  apparent  in  the  <iuality  of  the 
prcKlact.     The  lesson  wiis  not  quickly  learned,  but  there  has  been 
decided  improvement.    Less  moisture  is  su])plied  to  the  surfiice  soils 
and  greater  care  is  taken  to  keep  the  surface  well  cultivated.    Capil- 
lary attraction  is  thus  interrupted  at  the  depth  to  which  the  plow  has 
penetrated,  less  moisture  is  brought  into  direct  contact  with  the  air, 
evai>oration  is  consequently  reduced,  and  plants  are  enabled  to  get  the 
greatest  possible  benefit  from  the  moisture  already  in  the  soil.    Some 
examples  from  actual  experience  may  illustrate  how  water  is  here  used. 
On  June  IG  to  17, 1882,  5  acres  of  alfalfa  in  small  checks  thoroughly 
leveled  were  irrigated  in  eight  hours,  from  6  p.  m.  to  2  a.  m.,in  Central 
California  Colony.    The  head  of  water  used  was  0.84  second-foot.    The 
amoant  of  water  absorbed  by  the  soil  was  equivalent  to  a  depth  of  0.11 
foot  over  the  entire  5  acres. 

On  the  17th  of  June,  1882,  in  Central  California  Colony,  a  supply  of 
2.2G  second-feet  was  divided  into  four  parts  and  each  admitted  into  an 
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alfalfa  check  baviDg  an  area  of  1^  acres.  The  irrigation  of  the  alfidb 
commenced  at  6  a.  m.,  and  at  4  p.  m.  the  water  had  been  made  to  cover 
the  entire  area  of  each  check.  Alfalfa  was  being  irrigated  before  catting; 
The  checks  were  level  and  no  water  was  drawn  oft*.  The  total  amonii 
supplied  was  equivalent  to  a  depth  over  all  of  0.37  foot.  The  soil  wi 
sandy  loam;  hardpan  was  6  feet  below  the  surface;  ground  water  it' 
about  12  feet  Less  water  would  have  been  required  if  the  whob 
stream  had  been  admitted  in  turn  to  each  check. 

On  June  12, 1882,  iu  Central  California  Colony,  two  checks  of  alfalft^ 
290  by  130  and  290  by  200  feet,  respectively,  were  irrigated  at  the  same 
time  with  1.2  second-feet.  Water  was  applied  from  9  a.  m.  to  8  p.  ol  ' 
The  total  amount  supplied  was  equivalent  to  a  depth  of  0.49  foot  orer 
the  whole  area  of  the  alfalfa.  The  soil  was  a  sandy  loam,  with  hard- 
pan  at  1  to  2  feet.  This  alfalfa  was  to  receive  five  such  irrigations 
during  the  season. 

On  the  Gould  Kanch,  north  of  Fresno,  one  attendant  in  1882  handled 
about  1  second-foot  of  water.  With  this  amount  of  water  orchaid 
lands  were  irrigated  at  the  rate  of  about  4  to  5  acres  per  day  of  twenty* 
four  hours.  The  average  depth  of  the  water  applied  over  the  whde 
surface  of  the  orchard  was  0.40  to  0.50  foot.  The  orchard  received  two 
to  three  irrigations  jyer  season.  The  trees  of  the  orchard  are  set  about 
16  feet  apart  in  rows  24  feet  apart.  Water  was  run  in  small  ditches 
along  each  row,  and  was  made  to  stand  around  the  body  of  each  tree, 
while  irrigation  was  iu  progress.  The  surface  of  the  ground  was  not 
leveled  when  the  orchard  was  set  out.  The  soil  is  a  heavy,  dark  loam, 
with  hardi)an  at  an  average  depth  of  5  to  7  feet. 

About  4  miles  northeast  of  Selma  2  to  3  acres  of  vines  or  trees 
could  be  irrigated  in  1882  in  one  day  of  twelve  hours  with  1  second- 
foot  of  water.  The  soil  is  a  sandy  loam,  with  no  hardpan  under  it  It 
bakes  on  the  surface  iu  drying.  Ground  water  was  then  some  40  feet 
below  the  surface.  The  method  of  irrigation  is  that  of  running  water 
in  furrows  between  rows.  Several  such  irrigations  per  season  are  given 
to  trees  and  vines. 

In  the  same  vicinity  in  1882,  irrigation  of  grain  with  2  to  3  second* 
feet  was  progressing  at  the  rate  of  3  to  4  acres  per  day  of  twentyfoor 
hours.  The  method  of  irrigation  was  the  furrow  method.  Furrows 
were  10  to  12  feet  apart.  The  soil  was  thoroughly  saturated  by  perco- 
lation. The  amount  of  water  absorbed  was  sufficient  to  have  covered 
the  entire  surface  to  a  depth  of  1.42  feet.  One  irrigation  at  any  time 
after  harvest  is  sufficient  to  mature  the  grain  crop  of  the  next  season. 
The  soil  is  a  sandy  loam,  which  bakes  after  wetting,  unless  cultivate 
before  drying.  Hardpan  is  not  continuous;  where  it  does  occur  it i* 
generally  at  8  feet  below  the  surface.    Ground  water  is  at  36  to  40  feet- 

On  June  12, 1882,  in  Central  California  Colony  a  small  check  of  grap^ 

vines^  one-fourth  acre,  was  irrigated  in  fifty-five  minutes.    The  checl 

was  Jevel  and  all  water  standing  m  it  at  the  end  ot  t^i^  ^tte^-^N^mmTiX^ 


»as  iIjOTe*:  »  svifcc  riT-:  tut  cTmn*L     Tik  mC  ▼■uf  ^r-Z  ^voitf  ▼^.sc  ti«  i>c 
tl  die  tin«  ihi^  imr*sara  ;*iiui»*a»-f»L     Tir  ?«'il  ^  t  Sfc2»i"^  •ftsji  ^   »**i" 

tfetinrs  "«TKv-  $«  MI.     r^-*  ui»:*n~  >:"  ir>.^«:  >.-. .7 .:•*•!  t-k>    .*  -*-,-  <:*. 

pdoD  «~a$  m:«K&a<«i  a>:ci  ^t-tj  "Irs^e  ▼■triT-  x:~-l  ::-  £"^*7*:>   i.*»'^ 
mAtnnrd. 

About  A  mik-  ekfs  •  :  Salzla.  ▼i.Trr  ":i-e  '•:c"  :*>  h  mz^ij  ^.*iui  .    *;.■  -' 
leet  deep,  with  ^>Gid  t^*^  a?  --«  ?*«.  :i  -^-i^  st*  1   :.  1  >>t:  :>  >  -  .  i^  r:s 
of  vheai  land  eocid  >•  irr.i:*:«!c  ::.  *>>:  Iat  :•:  r^eir  f:.ir  i-.-cTs         -z^ 
atiAidaiit  with  It  !•:•  -  sect  cd-5e*ri  :<f  TriSK*.  «*:_;.  '*Lm:lz  :-    a   ;*  - 
viter  over  all  or  aboat  1.74  izitz. 

The  foregoing  sraiearnis  ^i^j^:  ^->:  >r  jkr-r-.  :c>i  a-  ir.   r.i  :^:v-   .•: 
the  ultimate  dm V  of  w^ier  on  tb^  Fresr-.-  :Cii:.?w     T:.z   .\:\jk   '-.c-^:c\i 
per  unit  of  waterwill  eonniiur  :o  :::t:rv^Mr.  i:  >a?^:  -r.::'.  :rr.^"jk::.  v.  vcv^- 
daees  no  fonher  pennaz^nt  ohan^^  i-  :hr  eJeT-Ac:\:.  .":"  :l.r  ^r  ,:v\: 
vater  plane. 

Without  attempting  to  express  ::.  de:d:'.  :hr  jcreji^ie  :r7:^t:<v.  -.t^r 
cnbie  foot  per  second  of  canal  capacity  or  ^^riJkl  row  o:  \r.%:c:. ::  :v.Ay 
be  uoted  that  the  total  volome  of  waier  ^^.x:^r.:  \o  :he  v:a::-.:v  o: 
Fresno  during  the  seventeen  years  l>7y  10  l>i*S  would  .«  .*  nctv  \^w 
estimate  have  covered  to  an  average  depth  of  alxmi  O.S  fivt  ^ler  .r..:.u:u 
the  entire  200.000  acres  of  the  region  through  which  the  cau.ils  sor.d 
their  branches.  It  would  have  covered  the  ThmkM  iicix**  to  wluvic  sur- 
face water  is  actually  applied  to  an  average  depth  of  4-f  uv:  |vr  auuuv.i. 
or  to  a  total  depth  ot  75  feet.  Some  of  this  water  ha^i  of  course  In^^r.  ivu- 
»ained  in  sustaining  plant  life,  more  has  been  evapor.uetl.  bu:  iho  :i'.ost 
of  it  still  x>ermeates  the  subsoils  of  the  irrigitied  region  and  of  the  lands 
to  the  west. 

WILDFLOWER. 

The  Wildflower  country  is  a  small  iH>rtion  of  the  east-side  ]>laiu  of 
San  Joaquin  Valley  just  south  of  the  Kings  lUver  delta  laiuls.     Its 
limits  may  be  considered  coextensive  with  the  area  covered  by  the 
£mi^raiit  Canal  and  its  branches.     Sandy  soils  predominate,   the 
lieaviest  being  near  Cole  Slough  in  the  southeastern  portion  of  this 
re^on,  and  the  lightest  along  its  northwestern  border.    Tlie  usual  st  rip 
of  badlands,  strongly  alkaline,  is  found  at  the  south,  near  tlie  mer 
flow  limit  from  Kings  l{iver.    Uard])an  <loes  not  appear  in  a  continu 
ous  layer  nudei  the  soil;  it  is  found  in  spots  or  belts  of  small  extent, 
generally  4  to  8  feet  below  the  surface,  and  usually  but  a  few  inclies 
thick. 

For  a  number  of  years  all  the  water  used  for  irrigation  near  Wild- 
flower  was  supplied  by  the  Emigrant  Caiuil.  As  this  canal  bccann^ 
unreliable  as  a  source  of  supply  (duo  mainly  to  litigation  con<*erning 
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owDership  of  its  head  works),  water  from  other  canals,  the  Fowkr  j 
Switch  aud  the  Oeuterville  &  Kingsburg,  was  brought  into  the 
district. 

The  irrigating  period  while  the  Emigrant  Oanal  was  in  fall  seryitt 
continued  from  March  to  the  end  of  Angost.  All  the  water  of  tto 
canal  during  that  period  was  apportioned  to  the  distributing  andini- 
gating  ditches,  and  was  allowed  to  sink  from  these  into  the  snbsdb. 
The  method  of  irrigation  was  essentially  that  of  snbsnrface  sataratimif 
which  will  be  fully  described  in  the  notes  on  the  Mussel  Slough  oountaj. 
Alfalfa  fields  are  sometimes  subdivided  into  small  rectangular  checks 
of  one-half  acre  to  2  acres  each,  aud  receive  an  occasional  flooding. 
The  surface  of  the  country  is  very  smooth,  and  no  leveling  or  smooth* 
ing  of  the  surface  was  necessary,  as  at  Fresno.  All  water  delivered  into 
a  check  is  allowed  to  sink  into  the  soil,  which  readily  takes  it.  Orchards 
and  vineyards  are  irrigated,  while  water  is  available,  by  conducting  i^ 
between  the  rows  of  trees  aud  vines  iu  small  ditches.  Summer  oropB 
are  irrigated  by  the  furrow  method.  Before  lands  were  irrigated 
ground  water  was  here  at  10  to  16  feet  below  the  surface;  it  has  risen, 
as  the  result  of  irrigation,  about  G  feet. 

LIBERTY  AND  MILLRACE  SETTLEMENTS. 

The  region  watered  by  the  Liberty  and  Millrace  canals  is  a  oontinoa- 
tion  of  the  Wildflower  country  westward,  and  the  same  notes  with 
reference  to  soils  apply.  Water  supply  has  usually  been  restricted  to 
a  few  months  each  year,  and  the  process  of  subsoil  saturation  has  been 
rather  slow.  Irrigation  is  accomplished  by  flooding  in  small  contoar 
checks  or  by  filling  small  ditches  or  furrows  between  rows  of  trees, 
vines,  corn,  or  vegetables.  Water  is  so  freely  absorbed  by  soils  that 
no  drainage  is  necessary. 

LAGUNA  DE  TACHE  RANCHO. 

This  grant,  which  extends  southwesterly  along  the  north  side  of  tbe 
main  channel  of  Kings  Biver  a  distance  in  a  direct  line  of  about  25 
miles,  from  near  Kingsburg  to  Summit  Lake,  embraces  the  migor  por- 
tion of  the  north-side  delta  lands.  Its  hydrographic  features  have 
already  been  dwelt  upon,  aud  but  little  more  is  to  be  said  concerning 
the  use  of  water  upon  it  for  irrigation.  The  surface  of  the  ground  is 
smooth;  there  are  no  irregularities  except  such  as  have  been  produced 
by  Kings  liiver  waters.  Predominating  soils  are  deep,  sandy  loams. 
Some  of  the  depressions  near  ))reseut  water  courses,  particularly  in  the 
northwestern  aud  northern  portions  of  the  rancho,  have  sedimentary 
soil.  The  upx>er  portion  of  the  rancbo,  along  Cole  Slough,  is  in  the 
alkaline  belt.  The  surface  slope  from  east  to  west  is  about  4  feet  to 
the  mile.  Near  Kings  River  is  a  fine  growth  of  oaks.  Willow  thickets 
abound  near  the  river  in  the  southern  portion  oi  t\i^  i^uciho* 
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The  many  delta  streams  have  always  furnished  an  abundance  of 
water  to  subsurface  strata,  so  that  depth  to  ground  water  has  never 
been  very  great — 4  to  16  feet,  varying  somewhat  according  to  locality, 
and  no  doubt  also  somewhat  with  the  seasons.  The  local  control  of 
^actuations  in  the  elevation  of  the  water  table  is  one  of  the  feiitures 
of  the  method  of  irrigation.  The  canal  supply  is  ample  from  February 
to  August.  Little  or  no  water  is  put  upon  the  surface  of  the  ground. 
TractB  to  be  irrigated  have  ditches  generally  located  on  the  slight 
ridges  built  up  by  former  water  courses,  from  whicli  water  sinks  into 
subsoils.  Surplus  waters  are  drained  from  the  flat  depressions  between 
these  ridges  by  a  simple  system  of  drain  ditches.  Crops  irrigated  are 
wi\      principally  natural  grasses  and  cereals. 

ciil  MUSSEL  SLOUGH  COUNTRY. 
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Description. — All  of  the  Kings  River  delta  south  of  the  main  channel 

<^  the  river  and  west  of  Gross  Greek  is  commonly  known  as  tho  Mussel 

%ugh  country.    Many  water  courses,  locally  called  sloughs,  former 

^^aniiels  of  Kings  River,  course  through  this  region  from  north  to 

^Uth.     The  heads  of  most  of  these  have  long  been  tilled  with  deposits 

^X>m  the  river.    Others  have  more  recently  been  artificially  closed.    A 

STeskt  many  have  been  made  parts  of  the  distributing  system  of  the 

^<*rigation  works  of  this  region. 

The  surface  of  the  Mussel  Slough  country  slopes  from  northeast  to 
^^oiithwe^t  at  the  average  rate  of  about  4  feet  to  the  mile,  which  is 
^Y^ly  about  one-half  the  fall  of  the  ground's  surface  in  the  vicinity  of 
l^xesno. 

The  soil  of  this  region  is  all  sedimentary.    Most  of  it  is  sandy  loam, 

^^^rying  somewhat  in  texture  and  color  in  different  localities.    It  is 

^s^ndiest  toward  the  east  and  northeast;  heaviest  toward  the  west  and 

South,  where  it  merges  into  the  peaty  clays  of  the  swamp  land  l)elt. 

^Tom  northeast  to  southwest,  at  Grangeville,  a  strip  of  land  several 

ixiiles  wide  extends  through  this  region,  whose  soil  is  a  dark,  rich  loam, 

generally  considered  of  the  best  in  the  delta.    All  soils  are  deep,  resting 

'Open  subsurface  strata  of  sands  and  soft,  sandy  clays. 

Before  the  construction  of  the  irrigation  canals  in  the  Mussel  Slough 
country,  depth  to  ground  water  was  10  to  18  feet.     It  was  found  at 
greatest  depth  in  the  eastern  and  southern  portions  of  the  delta.     Irri- 
gation very  soon  brought  the  water  table  close  to  the  surface  of  the 
ground,  and  throughout  the  irrigated  imrtion  of  the  south-side  delta 
^^_     it  does  not  now  sink  to  over  8  feet  below  the  surface.     It  has  an  annual 
fluctuation,  rising  during  the  spring  mouths  when  canals  are  full  of 
\jM    water,  and  falling  again  in  the  fall  of  the  year.    In  some  localities  this 
ill     rise  is  so  pronounced  that  standing  water  appears  in  the  depressions, 
]:  t  ■/     forming  ponds  which  do  not  entirely  disappear  until  the  close  of  the 
irrigating  season. 
Canal  system. — ^The  Mussel  Slough  country  is  supplied  with  water 
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for  irrigation  f^om  Kings  and  Kaweah  rivers.  The  former  sends  wsi 
through  the  Peoples,  Last  Chance,  Lower  Songs  River,  and  Bhoa 
canals  to  the  northern,  central,  and  western  i)ortions  of  the  sonthsi 
delta,  while  Kaweah  River  supplies  water  to  its  eastern  portions  throu 
the  Settlers  and  Lakeside  canals.  For  about  six  months  each  ye 
commencing  with  February,  Kings  River  furnishes  an  abundance 
water  for  the  canals  leading  from  it.  The  canals  from  Kaweah  Ri' 
are  not  so  copiously  supplied  with  water,  because  that  river  is  subj 
to  greater  irregularities  of  flow  than  Kings  River.  Their  period 
flow  is  not  so  long  as  that  of  Kings  River  canals,  and  is  larg 
dependent  on  the  conditions  of  the  diversion  of  water  at  the  head  of 
Johns  River,  where  conflicting  interests  of  diflerent  irrigated  regi( 
have  given  rise  to  repeated  modifications  of  natural  channels.  Or 
uarily  the  flow  of  Settlers  and  Lakeside  canals  commences  in  Janus 
and  continues  to  the  end  of  June. 

The  total  amount  of  water  supplied  to  the  Mussel  Slough  count 
by  the  canals  above  enumerated  is  sufficient  to  cover  the  entire  ai 
under  these  canals  and  their  branches  to  an  average  of  several  f< 
per  annum.  It  was  sufficient  in  1885  to  cover  the  land  which  was  th 
in  actual  cultivation  in  this  part  of  the  Kings  River  delta  to  a  dep 
of  about  4  feet. 

Irrigation  on  a  noteworthy  scale  commenced  in  1870  in  the  Musi 
Slough  country  when  the  Lower  Kings  River  Canal  was  construcU 
The  construction  and  extension  of  the  several  other  canals  quicli 
followed.  There  has  been  but  little  extension  of  the  canal  sysU 
since  1880. 

Each  canal  project  (with  the  possible  exception  of  the  Mussel  SloU; 
Canal)  had  its  origin  with  the  settlers  who  needed  water.  The  s( 
consideration  in  each  case  seems  to  have  been  the  securing  of  a  fail 
reliable  water  supply  at  reasonable  cost  for  use  upon  the  lands  of  t 
projectors  of  each  enterprise.  This  circumstance  will  account  for  t 
apparent  duplication  of  canals;  for,  as  the  irrigated  area  was  extend 
and  additional  lands  were  settled,  it  was  but  natural  for  the  laudown 
of  the  new  settlements  to  construct  new  canals  and  to  control  in 
pendent  canal  works.  The  seven  canals  that  are  or  have  been  in  \ 
in  the  Mussel  Slough  country  could  well  be  rejilaced  either  by  < 
main  canal  from  Kings  River  or,  perhaps  better,  by  one  such  canal  £ 
one  tsmaller  one  from  Kaweah  River. 

The  canals  distribute  water  throughout  the  delta  in  a  network 
branches  and  natural  channels,  often  so  intertwined  that  large  ar 
are  benefit^^d  by  the  water  of  several  canals  at  the  same  time. 
hapi)ens,  too,  that  lands  whose  owners  have  no  claim  upon  water  in  s 
canal  are  here  and  there  so  favorably  located  that  they  are  irriga 
without  cost  to  owners  by  the  canals  and  ditches  of  their  neighbors 

Method  of  irrigation, — The  rainfall  in  the  Kings  River  delta  is  o 
9  inches  jyer  aDuam.    Irrigation  is  necessary  iov  tVie  ^vi^^e»§»iv3LVQ.\ilti 
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of  an  Boil  prodaotB.    Cereals  and  al&lfa  were  practically  the  only 
ires  from  1870  until  1884.    More  attention  ia  now  given  to  fruit 
ag,  to  the  caltivation  of  tbe  grape,  and  to  diversified  farming. 
)  prevent  wholesale  innndation  of  sonth-side  delta  lands  a  levee  is 
ntained  along  the  sontli  bank  of  the  main  channel  of  Kings  Hirer. 


ria.  21.— IrrlgRtlon 


3  inflow  of  irrigation  water  into  the  district  in  controlled  by  moans 
"egnlators  in  the  heads  of  the  principal  canals.  The  flow  of  water 
Wme  of  the  main  canals  and  in  most  ciiiial  branches  is  sluggish, 
«T  being  generally'  held  at  a  very  light  grade,  often  by  use  of  e\vw^ 
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Water  is  rarely  spread  over  tlie  surface  of  the  groand.  This  is  done 
only  in  seasons  when  the  supply  to  the  canals  comes  late,  or  when 
gophers  become  too  numerous  in  the  alfalfa  fields.  The  ordinaiy 
method  of  irrigation  may  be  described  as  a  periodical  sataration  tf 
subsoils.  From  the  time  that  water  becomes  available  in  the  apriof 
the  canals  and  their  branches,  as  well  as  small  irrigating  ditches,  an 
kept  as  full  of  water  as  the  available  supply  will  permit.  The  water 
which  sinks  into  the  porous  soils  gradually  saturates  subsurface  strati) 
bringing  ground  water  within  reach  of  plant  life  and  sometimes  eves 
out  upon  the  surface.  Irrigation  is  considered  complete  when  the  water 
table  has  risen  to  within  3  to  4  feet  of  the  ground's  surface,  as  this  wiD 
insure  a  thorough  moistening  of  surface  soils  by  capillary  attraction. 

Throughout  the  Mussel  Slough  country  the  range  of  water-table 
elevation  is  clearly  defined.  It  drops  from  it«  general  ]K)8ition  at  the 
height  of  the  irrigating  season,  about  4  feet  below  ground,  to  a  greatest 
depth  of  7  to  10  feet  during  the  fall  and  winter  months.  This  fluctiuip 
tion  is  the  direct  result  of  irrigation,  and  it  is  more  or  less  rapid  in  the 
difl'erent  x)ortions  of  the  district  according  to  the  character  of  the  aoQi 
the  distance  between  irrigating  ditehes,  and  other  local  conditions. 

Locally  this  method  of  irrigation  is  rarely  understood.  It  is  referred 
to  as  irrigation  by  percolation,  and  according  to  the  ordinary  ooncep* 
tion  of  the  method  there  should  be  a  direct  lateral  horizontal  percolatioi 
of  water  through  surface  soils. 

For  the  irrigation  of  grain  or  alfalfa  it  is  customary,  if  the  laud  be 
at  all  uneven  on  the  surface,  to  carry  distributing  ditches  along  the 
highest  points  of  the  ground.  From  these  the  water  is  drawn  into  ini* 
gating  ditches  «S  to  6  feet  wide  and  1  to  2  feet  deep,  which  are  cut  with 
a  slight  fall  out  upon  each  side  from  the  distributing  ditches,  and  are 
from  300  to  ()00  feet  apart.  These  irrigating  ditches  are  either  tempo- 
rary or  permanent.  If  temporary,  they  are  usually  plowed  in  after  each 
irrigation  and  reopened  for  the  next  one.  When  orchards  and  vine- 
yards are  to  be  irrigated  the  ditches  are  constructed  in  straight  liDei 
between  the  rows  of  trees  or  vines,  whenever  such  arrangement  il 
possible. 

Simple  as  this  method  of  irrigation  may  appear,  it  has  its  disadvant- 
ages, not  the  least  being  directly  due  to  the  preponderance  of  the 
upward  movement  of  the  moisture  in  the  surface  soils.  The  watery 
before  moving  upward,  often  passes  for  long  distances  through  perme- 
able subsoils.  Where  ground  is  wet  by  irrigation  150  feet  from  the 
nearest  ditch,  the  water  reaching  it  must  have  passed  at  least  150  feet 
througii  porous  strata,  besides  the  distance  it  may  have  had  to  sink 
originally  and  the  height  it  again  rose  to  reach  the  surface  soil.  Watei 
thus  permeating,  at  times  saturating,  soils  which  are  rich  in  salts  ordi- 
narily classed  as  alkaline,  is  sure  to  dissolve  more  or  less  of  these  min- 
eral substances,  and  it  will  retain  some  of  them  in  solution  until  sooner 
or  later  it  arrives  at  the  surface  and  there  evaporates.    Though  the 
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qoantity  of  these  salts  in  solution  may  be  very  small,  they  will,  if 
jResent  at  all,  ultimately  become  apparent  at  the  surface,  because  the 
moisture  there  evaporating  is  i)eriodically  replaced  from  below,  not 
flrom  above.  Carefiil  inquiry  establishes  the  fact  that  8ome  injury  has 
ibeady  resulted  from  this  cause;  that  many  fields  whose  soil  a  few 
rears  ago  was  of  excellent  quality  now  have  soil  too  strongly  alkaline 
D  iiroduce  good  grain  crops,  and  that  even  alfalfa  tiehls  have  been 
qjnred.  There  seems  to  be  no  limit  to  the  extent  of  damage  which 
nay  result  from  this  cause  unless  the  method  of  irrigation  be  properly 
iiodified. 

The  simplest  remedy  for  this  evil,  suggested  by  its  cause,  is  to  sec*ure 
k  preponderance  of  downward  motion  of  moisture.  If  this  can  be  done, 
Doreof  the  salts  leached  out  of  the  soils  by  water  will  move  downward 
.way  from  the  surface  than  upward  toward  it.  Tlie  (luantity  of  alkali 
it  the  surface,  where  it  is  most  injurious,  will  necessarily  be  decreased. 
?he  remedy  will  be  mnde  still  more  effective  if  subdrainage  be  resorted 
0— if  the  water  descending  to  the  subsoils  through  the  surface  soil  be 
Q  large  part  carried  off  in  deep  drainage  channels. 

It  is  not  without  interest  in  this  connection  to  note  the  effect  of  rain 
n  those  spots  of  the  plains  where  alkali  is  seen  on  the  surface  as  an 
fflorescence  or  has  formed  a  crust.  A  gentle  rain,  with  no  run  off  troin 
he  surface,  wetting  the  ground  to  the  depth  of  a  foot  or  two,  may  dis- 
olve  the  efflorescence  and  all  alkaline  crusts,  carrying  the  salts  down- 
rard  into  the  soil.  But  they  return  to  the  surface  with  the  returning 
Boisture,  all  of  which  is  ultimately  evaporated.  A  long-continued  rain 
nay  send  water  vertically  downwanl  to  ground  water.  It  may  thus 
ause  a  permanent  reduction  of  alkaline  salts  ut  the  surface.  Sudden 
Mavy  rainfiEill,  dissolving  the  salts  on  the  surface,  may  carry  them  into 
latnral  drainage  channels  and  permanently  remove  them  from  the  soil. 

It  remains  to  be  said  that  the  accumulation  of  alkali  at  the  surface 
ft  retarded  by  thorough  tillage  and  occasional  deep  plowing.  By  till- 
ige  the  capillary  upward  movement  of  moisture  is  checked ;  there  is 
ess  evaporation  from  the  surface  layer  of  soil;  conse(iuently,  the  amount 
f  alkali  accumulating  at  the  surface  is  minimized.  Deep  tilhige  buries 
he  surface  salts,  removing  them  for  a  time  at  least  from  that  layer  of 
he  soil  where  they  are  most  injurious. 

The  cost  of  preparing  land  for  irrigation  in  tlie  Mussel  Slough  coun- 
ry  has  been  relatively  small  because  the  surface  re(iuirc<l  no  shaping 
od  only  limited  areas  have  been  arranged  for  flooding  in  checks. 
Rie  cost  of  constructing  the  small  irrigating  ditches  has  been  variously 
stimated  at  from  $2  to  $4  per  acre,  and  the  annual  expense  of  irrigat- 
ng  at  from  25  cents  to  $1  per  acre. 
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DBPAKTMEN'r   OP  THE  INTBBIOB, 
tTNITBD  STATBS  OEOLOaiOAI.  BUBTEY, 

Division  op  Htdboobapht, 

WiuMngton,  Jutg  15,  1898. 
IB:  I  liaTe  tbe  honor  to  transmit  herevith  a  mannecript  entitled 
gatioQ  near  Herced,  California,  by  Kr.  0.  E.  Gmnsky,  and  to  reoom- 
(1  that  it  be  pnbliahed  as  one  of  the  series  of  pamphlets  on  Water 
ply  and  Irrigation.  This  is  the  third  of  three  papers  relating  to 
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series.  This  paper  describes  the  irrigation  systems  deriving  their 
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OB,  and  Mokelumne  rivers. 
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Sydrographer  in  Charge, 
Ion.  GHABLE8  D,  WALOOTT, 

Director  United  States  Geological  Survey. 
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SAN  JOAQtJIN  RIYER. 

HYDROGRAPHY. 
San  Joaquin *River  enters  San  Joaquin  Valley  from  tlie  east  at  & 
lint  about  IH)  miles  northeast  of  Fresno,  Hows  southweHterly  J>5  miles 

tie  valley  trough,  and,  entering  tlie  lowlands  of  the  Fresno  Sloagh 
niitrj',  tnnis  at  Las  Juntas  abruptly  to  the  northwest  and  becomes 
e  main  drainage  channel ot'the  valley.  For  40  miles  below  Hampton- 
Ue,  the  point  at  which  the  river  enters  the  main  vulley,  its  coarse 
;s  through  narrow  strips  of  bottom  land  hemmed  in  by  binds  riwng 
the  idains  above.  These  blnft's  are  generally  one-half  mile  to  a  mile 
>art  and  descend  abruptly  toward  the  river  from  a  very  smooth- 
irfaced  plain.  They  gradually  decrease  in  height  toward  the  west, 
L«ir  height  being  about  <!0  feet  near  the  eastern  edge  of  the  valley  and 
>  feet  near  Herndon.  Before  the  river  resches  Las  Jnotas,  20  miles 
f  river  below  Herndon,  tbe  blafi^  bave  disappeared  entirely,  and  the 
»d  waters  of  tbe  river  sweep  across  country  to  tbe  southwest  into 
resno  Swamp  and  to  the  northwest  in  a  direction  down  the  valley 
irallel  with  tbe  river. 

Bottom  lands  of  small  extent  flank  the  river  between  its  blaffs,  bat 
ive  remained  aoirrigated.  The  upland  of  tbe  main  valley  plain  is  so 
gh  above  tbe  river  near  the  eastern  border  of  the  valley  that  canals 

command  tbe  npland  would  be  very  costly,  and  none  have  been  con- 
nicted,  though  several  have  at  various  times  been  projected.  The 
version  of  water  for  irrigation  is  confined  to  that  portion  of  the  rivw 
ing  in  or  near  the  main  valley  trough. 

The  area  of  the  river  drainage  basin  above  the  point  where  it  breaks 
itn  tbe  Sierra  N'evada  is  1,637  square  miles.  This  entire  area  is 
)nntainous.    Itest«nds  eastward  to  the  summit  of  the  Sierra  Nevada, 

miles  of  this  summit,  measured  iti  a  direct  line,  being  thu  eastern 
lit  of  the  river's  drainage  basin. 

rhe  river  is  ordinarily  at  its  highest  stage  in  the  spring  months,  gen- 
illy  in  May  and  June;  but  winter  freshets  are  not  uncommon,  and 
treme  floods,  such  as  those  of  1861-62  and  1S67-6S,  bave  occurred  in 
nter.    Tbe  flow  of  the  river  at  Hamptouville,  near  the  eastern  border 

San  Joaqain  Valley,  was  approximately  deteimined  ^jy  fti.6  %>W^ 

'See  latrodaclory  nmarlr*  In  Water-Sapply  Paper  Ho.  11,  p.  tt. 
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engineer  of  California  for  the  years  1878  to  1884.'  A  mean  month^ 
flow  for  November  of  378  second-feet  and  a  mean  monthly  flow  Ar 
June  of  10,150  second-feet  were  the  extremes  indicated  by  tbese 
measurements. 

The  river  is  ordinarily  at  a  low  stage  from  September  to  the  end  of 
December.  It  is  at  a  mediam  stage,  with  a  flow  in  excess  of  1,000 
secoud-feet,  from  Janaary  to  March  and  in  July  and  Angnst.  It  is 
high  from  April  to  July.  These  periods  are,  however,  to  be  taken  onlj 
as  a  general  gnide,  because  the  flow  of  this  stream  varies  within  wide 
limits,  according  to  the  varying  conditions  of  rainfoll  and  temperature 
of  each  season. 

The  Southern  Pacific  Company  have  maintained  daily  readings  of 
gage  height  on  this  river  since  1879  at  their  bridge  half  a  mile  nc^ 
of  Hemdon  and  12  miles  north  of  Fresno.  Since  18d5  the  United  States 
Geological  Survey  has  been  taking  measurements  of  discharge  from  the 
wagon  bridge  neiir  by.  The  results  of  these  measurements  are  pub- 
lished in  various  rej^orts  of  the  Survey.' 

The  following  facts  in  regard  to  the  flow  of  the  river  are  brought  oat: 

1895.  Maximnm  discliarge,  May,  19,960  second-feet;  minimam,  September,  Octo- 
ber, November,  and  December,  260  aecond-feet;  average  for  the  year,  3,791  aeoond- 
fcet. 

1896.  Maximum  discbarge.  May,  18,800  second-feet;  minimum,  September  and 
October,  80  second- feet ;  average  for  the  year,  2,756  seoond-feet. 

1897.  Maximum  discharge.  May  24,  18,600  second-feet;  minimum,  December  23, 
60  second-feet;  average,  3,105  second- feet. 

Estimated  monthly  discharge  of  San  Joaquin  River  at  Hemdon,  CaHfomia.* 

[Drainago  area,  1,637  square  miles.] 


Discbarice  in  second-feet. 


Montb. 


Maximum. 


1805. 

Jannary  

February 

Marcb 

April 

May 

Jane 

July 

August 

September 

October 

November 

December 

Tbeyear 


19,960 


Minimum. 


11.225 

1,260 

8,500 

909 

9,818 

1,554 

9,863 

3.854 

19,060 

6,100 

14.565 

7,250 

8.000 

2,148 

2,301 

793 

8,500 

260 

1.200 

260 

426 

260 

677 

260 

260 


Mean. 


2.881 

2,568 

2,779 

5,834 

13,124 

10.674 

4,528 

1,417 

1,085 

420 

362 

373 


3,791 


Total  in 
acre-feet. 


177,108 

142,500 

170,840 

316,600 

807,000 

680.404 

278.410 

87,  lai 

64,567 

25.846 

25,562 

22,005 


2, 717, 930 


Ran*off. 


Depth 
ininchea. 


2.020 

1.684 

L057 

8.626 

0.243 

6.866 

8.180 

.007 

.740 

.206 

.247 

.262 


31.086 


Second- 
feet  per 
•qnare 
mile. 


L7« 

LS6B 

1.6B? 

8.561 

a  017 

6.530 

8.766 

.866 

.663 

.257 

.221 

.228 


2.334 


>  See  Pbysical  Duta  and  Statistics,  Wm.  Haui.  Hall.  SUte  engineer  of  California,  1886,  pp.  449. 476. 

»  Twelfth  Ann.  Kept.,  Part  IT,  1801.  p.  321,  PI.  LXXXJV;  Bull.  Ko.  131,1895,  p.  81:  Ball.  No.  140. 
1806,  ]).  200;  Kigbteonth  Ann.  Kept..  Part  IV,  1807,  p.  385;  Wutor-Supply  and  Irrigation  Paper  No.  11, 
1897,  p.  01 :  Water-supply  and  Irrigution  Paper  No.  16, 1898,  p.  190. 

>In  using  reMuIta  shown  in  those  tables  of  diflobarge.  uome  allowance  must  be  made  for  unoertaJnty 
as  to  tbo  ]»ermanenGy  of  stroaiu  cross  sections  on  which  rating  tables  were  based.  A  alight  change 
in  absolute  elevation  of  river  1>ed  at  the  rating  station,  if  known,  would  modify  the  rating  table,  jMir* 
ticularly  for  low-water  stages.  Lack  of  information  on  this  point  may  \eaii\.  to  «noTi«(m&  coTvc\w«>vQTia. 
TbeBow  of  San  Joaquin  Biver  at  Hemdon  has  probably  hoyct  dropped  tA>  ^  ooXAft  ttA\^^«c  maoiA. 
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wuatilji  ^tekmrge  of  8m  Ja^qain  Mver  at  Htmtlon,  Calt/ontia — CoDtiDaod. 
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Tor  several  milea  below  the  western  base  of  the  Sierra  Nevada  foot- 
hills ledge.s  of  rotten  granite  appear  in  the  bed  of  the  rivei;  these  aie 
often  covered  to  coDsiderable  depth  by  sand  and  ^avel  bars.  The 
river  channel  is  here  generally  300  to  600  feet  wide.  From  Hampton- 
Tille  to  Herndon  it  falls  89  feet  in  20  mile»;  thence  to  Las  Juntas  about 
36  feet  in  a  distance  of  abont  36  miles.  Below  Henidou  the  low-water 
flow  is  between  sandbars.  AAer  passing  Las  Jantas,  where  the  river 
is  joined  by  Fi'esno  Slongh,  it  becomes  the  main  drainage  line  of  San 
Joaqnin  Yalley.  It  hao  not,  however,  been  a  rapid  land  builder,  and 
the  elevation  of  river  banks  is  but  slightly  greater  than  that  of  the 
general  snrfaee  of  the  submeraible  area  which  flanks  the  stream. 

From  Las  Jnntas  to  the  head  of  Old  River,  where  the  river  bifurcates, 
the  distance  in  an  air  line  is  87  miles.  The  river  between  these  points 
has  a  length  of  140  milea.  Its  average  width  is  400  feet,  and  the  depth 
of  its  channel,  trora  top  of  natural  banks  to  liver  bed,  is  12  to  IS  feet. 
There  is  a  slight  slope  of  bank  lands  away  from  the  river,  except  at  a 
fev  points,  where  the  river  impinges  upon  spurs  of  upland  that  extend 
eastward  from  the  Coast  Range  foothills,  notably  at  Grayson  and  near 
San  Joaqaiii.  The  river  bottom  is  generally  clean  sand,  bat  a  firm 
day  is  here  and  there  exitosed.  River  banks  are  of  quite  firm  alluvial 
material,  showing  but  little  tendency  to  cave.  TLey  are  lightly  fringed 
with  willows  and  cottonwoods  and  occasionally  oaks. 
The  laud  npon  either  side  of  the  river  subject  to  periodical  flooding 
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is  generally  open  ooontry,  ttaroaglioat  vhicli  clamps  of  wfllowB  mart 
the  alignment  of  sloughs,  as  the  overflow  channels  from  the  river  an 
called.  Tule  grows  in  spots  where  high  bank  lands  along  the  aloaght 
or  river  have  penned  in  water  or  safQciently  retarded  drainage  to  k««p 
the  sar&c6  moist  throughont  the  year.  Oaks  are  dotted  over  somt 
iwrtions  of  this  region,  but  rarely  appear  in  dense  groves.  The  main 
east-side  and  west-side  plains  have  been  described  in  Water-Supply 
r  No.  17,  on  page  15. 


DlscbtirgeotSui  Joaquin  IUvBrMHenidou,C«ll>tomU,  188S-9I. 


8AK  JOAQUIN  BIVKB  CJlNAI^ 


CANALS  AND  DITCHES. 


tper  San  Joaquin  Bivar  OanaL — TbisvorfchaB  notbeeaasncoeM. 
coDBtraotion  of  the  canal  cotmneDced  in  1879.  It  was  poshed  for 
B  time,  nntll  aboat  986,000  Iiad  been  expended  on  it;  several  years 
L  paaaed,  during  vhioh  little  or  no  irork  was  done.  A  new  oom- 
f  flually  took  hold  of  the  enterprise,  expending  about  9300,000  on  a 
I  at  the  head  of  the  canal  and  on  the  main  canal  above  Hemdon. 
ir  dam  was  completed  in  the  fall  of  1883  and  was  maintained 


Fie.  3.  — EMidofirpiwrBaD  JmqalDBive 


m  JoaqoiD  RlnT,  WX. 


I  difflcnlty  for  several  years,  daring  which  time  a  little  water  was 
!d  throngh  the  canal  and  oat  upon  the  upland  near  Herndoa. 
at  1887  the  work  was  abandoned. 

le  bead  of  the  canal  is  about  one-half  mile  below  Hamptouville,  at  a 
t  wbere  the  river  la  nearly  900  feet  wide.  The  river  bottom  is  sand, 
it  20  feet  deep,  resting  npon  a  rotten  granite  formation.  A  loose-rock 
rting  dam  was  constructed  at  this  point  to  a  height  of  aboat  8 
above  low  water.  It  was  proposed  to  allow  the  river  to  flow  over 
from  bank  to  bank.  The  material  used  for  the  daTEWBaxtAV.  aft 
ried  &om  a  spar  of  granite,  cobbles,  and  gravel.     AH  m«tKEVe\^Bft 
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damx)ed  into  place  from  small  cars.  No  attempt  seems  to  have  ben 
made  to  secure  large  blocks  of  stone,  and  all  rock  fragments  ordinarflj 
classed  as  qaarr>'  waste  went  into  the  structore.  The  largest  stone 
(maximnm  size  aboat  1^  cubic  yards)  was  dumi)ed  downstream  to  torn 
a  face  that  should  resist  the  force  of  overfalling  water.  As  the  lowor 
face  rock  dropped  into  place  the  river  cut  out  the  sand  in  its  bed,  thus 
permitting  at  least  the  toe  of  the  structure  to  find  a  solid  formatioiL 
The  upstream  face  was  formed  of  fine  (quarry  waste,  cobbles,  and  gravel 
Trestle  piles  which  carried  the  car  track  were  allowed  to  remain  in 
place  and  the  downstream  crest  edge  of  the  structure  was  protected  by 
three  layers  of  planking.  Other  expedients,  such  as  extending  an  iitm 
plate  over  the  upper  i>ortion  of  the  downstream  slope  for  its  protection, 
were  tried,  but  experience  soon  demonstrated  the  difficulty  of  main- 
taining a  loose-stone  dam  in  a  river  of  considerable  flow.  Even  the  later 
reconstruction  of  the  downstream  face  of  the  dam  with  large  blocks  of 
stone,  hand  laid,  and  its  partial  protection  with  fascines  could  not  make 
the  structure  permanently  secure  and  the  river's  freshets  repeatedly 
cut  out  sections  of  it. 

Experience  with  the  canal  itself  was  equally  unfortunate.    Its  coarse 
for  several  miles  is  along  and  across  the  river  bottoms,  thence  for  9  milee 
it  hangs  on  the  steep  descent  or  bluff,  from  south-side  upland  to  river, 
and  finally  cuts  out  to  the  higher  level  of  the  upland  a  few  miles  above 
Herndon.    Near  its  head  the  canal  has  a  bed  width  of  75  feet    Its 
total  fall  in  the  first  4  miles  does  not  exceed  1  foot.    Along  the  bluff  it 
received  somewhat  irregular  dimensions.    It  was  intended  to  carry 
water  5  feet  deep.    Its  bed  width  was  generally  24  feet,  side  slopes  3  to 
1,  and  its  gradient  one-quarter  to  1  foot  fall  to  the  mile.    It  was 
endeavored  to  make  sidehill  cutting  supply  material  for  an  outer  levee^ 
whose  slope  away  from  the  canal  was  the  natural  slope  of  the  material 
used  in  its  construction,  generally  between  1^  to  1  and  2  to  1.    Some  of 
the  excavated  material  was  removed  by  blasting,  being  in  firm  layers 
of  very  hard  clay  or  ashy  sandstone.    These  firm  materials,  alternated 
with  soft  ashy  deposits  or  a  reddish  loani  material,  did  not  make  a  safe 
levee,  and  great  trouble  was  experienced  in  making  this  levee  hold 
water. 

Water  was  furnished  through  the  canal  long  enough  to  encourage 
some  tree  planting  and  diversified  farming,  but  not  much  progress  had 
been  made  when  the  canal  fell  into  disuse. 

Madera  irrigation  district — This  irrigation  district  is  located  on  the 
east-side  plain  of  San  Joaquin  Valley,  to  the  north  of  San  Joaquin 
River.  The  district  was  organized  in  1888  and  was  to  be  supplied  with 
water  from  San  Joaquin  River.  Notwithstanding  active  opposition, 
the  necessary  bonds  were  voted  and  the  legality  of  the  district  organi- 
zation was  afiirmed  by  the  courts.  It  was  proposed  to  take  water  from 
the  north  side  of  San  Joaquin  River  near  the  point  where  it  leaves  the 
hills,  but  no  construction  work  was  done.    Operations  were  blocked 
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bgr  legal  prooeedings,  and  after  many  long  delays  it  was  decided  to  dis- 
oq^anize,  which  has  been  done.  The  district  had  au  area  of  306,000 
iereSi  and  the  amoont  of  bonds  voted  for  constmction  of  works  was 
|8S0,000. 

(Jhowi^iUa  OamaL — ^This  canal,  which  was  constructed  in  1872,  has  its 
head  on  the  north  side  of  San  Joaquin  Biver  about  8  miles  by  river 
above  Las  Juntas.  Its  course  is  slightly  west  of  north,  almost  parallel 
with  the  main  drainage  of  the  valley,  and  for  a  distance  of  over  20  miles 
it  commands  a  strip  of  land  averaging  5  miles  in  width,  which  is  bordered 
on  the  west  by  San  Joaquin  Eiver. 

The  river  at  the  head  of  the  canal  lies  in  several  channels,  one  of  which 

sends  off  a  branch  toward  the  north,  known  as  Lone  Willow  Slough. 

The  river  banks  at  the  head  of  this  slough  rise  about  15  feet  above  the 

tow-water  plane.    By  deepening  the  slough  and  constructing  a  gate  in 

it,  near  its  head,  it  was  converted  into  a  section  of  the  canal,  and  from  it, 

tbout  2  miles  below,  water  was  turned  into  the  artificial  canaL    The 

canal  was  made  30  feet  wide  on  the  bottom  and  2^  feet  deep  near  the 

point  where  it  leaves  Lone  Willow  Slough.    But  these  dimensions  are 

maintained  for  3  to  4  miles  only.    The  width  is  then  gradually  reduced 

to  25,  to  20,  and  finally  to  15  feet.    In  its  northerly  course  of  nearly  30 

mSes  the  canal  follows  a  grade  line  having  a  fall  of  6  inches  to  the  mile. 

Mr.  J.  D.  Schuyler,  as  assistant  State  engineer  in  1879,  describes  the 

difficulties  of  canal  construction  and  the  canal  head  gate  as  follows :  ^ 

Hie  total  cost  of  the  canal  was,  in  round  nambers,  $100,000.'  The  toagh  charaoter  of 
(be  ezcaYation,  the  greater  portion  of  the  distance  rendering  the  free  nse  of  blasting 
powder  necessary,  greatly  increased  the  cost  over  that  of  ordinary  earthen  channels 
of  like  dimensions. 

The  treacherous  character  of  the  qnioksand  bed  at  the  head  of  the  canal  has  made 
it  an  exceedingly  difficult  task  to  construct  a  head  gate  that  would  withstand  the 
Mtion  of  floods.  For  four  successive  seasons  after  the  building  of  the  canal  the 
hoid  gate  was  washed  out,  and  as  often  replaced  by  a  new  structure  on  a  different 
plan. 

In  the  fall  of  1877  the  present  structure,  which  has  withstood  severe  tests,  and 
giTes  every  evidence  of  permanence,  was  built.  As  this  structure  has  some  novel 
features,  and  its  plan  is  indorsed  by  its  success,  it  deserves  a  brief  description,  llie 
Qw  of  sheet  piling,  generally  considered  indispensable  to  the  safety  of  structures  of 
this  kind,  was  in  this  instance  abandoned.  The  foundation  was  prepared  by 
ipreading  a  layer  of  loose  sandstone,  one  or  two  feet  thick,  evenly  laid  on  the 
qnicksand.  Upon  this  a  floor  of  2-inch  plank,  without  sills,  was  laid  across  the 
ttis  of  the  canal,  to  which  was  spiked  another  layer  of  plank  laid  lengthways. 
This  floor  was  placed  6  feet  below  the  level  of  the  bed  of  the  rivor,  and  upon  it  was 
bnilt  the  structure  of  10  by  10  timbers,  having  a  length  of  60  feet,  a  width  of  '3 
feet,  and  a  height  of  10  feet  of  clear  waterway.  The  whole  was  weighted  with  an 
embankment  of  earth,  10  feet  high,  placed  on  top  of  the  strnctnre,  the  weight 
exceeding  500  tons.  The  sluiceways  or  regulating  gates  were  placed  5  feet  from  the 
npper  end  of  the  floor,  the  space  of  5  feet  in  front  being  occupied  by  a  box  of  heavy 
timbers  filled  with  rock  and  floored  over,  the  top  being  1  foot  below  the  bed  of  the 


'See  Beport  of  State  Engineer,  1880,  Wm.  H«m.  Hall,  Part  IV,  Appendix,  p.  170. 
'This  ia  believed  to  be  an  over  estimate.    The  original  total  coet  of  the  main  ottosl  ^lA'^Et^itMX^^ 
aeuer  150,000  tlian  $100,00a 
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tiTw.    Hit  wtver  eu^**  ixiio  thf  <«Dal  UtnHbra  vilka  fir*  orrrfaD  of  5 ftcL  ii 

UcG  (ff  b>«T;.  vlic  rrjT-^-i^^'  (MM  vbicb  Bie  diiScolI  lo  r«iM  and  towti,liM 
}iIa:.L»  '■  I-^i  '.oiL^:  ;-I*cv«l  :^  pr'-«T«*  i:,  tlw-  Ttrtical  poau'  arc  iiat:d.  Thn  m 
iV'tDOV'4  I-T  a  <locbjt  Look  vLirL  camera  «=  >;;  imn  pio  puunfthrooglitlu  plub 
•bd  projct-ti-.;  tvo  (u-  llrfc  :i>TLta  c:.  urh  -adc.  A  lope  mad  v-indlaas  MliftlB 
rftuiur  tlir  ;<luik.*  !■<  ilie  io;>.  TIk-  nwi  i>f  ibis  sTrnetaTie  wu  1^300,  of  whiA 
KL'tX'  w>«  ■-i[i-n>;>-d  ill  Liri:.^  tL>  foTU-islio::. 

There  L<  uo  veir  ••r  dam  in  tb«  river  to  aid  in  aooomplisfaiug  dini' 
sioD  of  water  into  the  t-anal.  t>nt  the  eanal  bed  U  beloir  tbe  low-mt« 
plane  "f  the  river  reported  to  lie  »»  feet  below),  aff<»diiig  a  &11  fnis 
river  to  i-aual  which  insures  it  a  loll  supply  of  water. 


PLAN.  SHOWIN6  GATE  POSTS 


The  head  gatf  above  described  is  located  in  Lone  Willow  Slonetit 
about  100  feet  from  the  river  bank.  A  second  regulator  is  maiiitaiiwd 
in  theheadof  theartitiiinltanal.audthe  lower  iwrtion  of  Lone  Willo" 
Slough  is  used  as  a  ehaunel  for  waste  water. 

The  caii.ll  crosses  tlie  natural  dniiuage  of  the  eastside  plain,  a  loffl- 
tiou  whii-h  has  at  times  made  niainteuaDcc and  repair  expensive, owiuf 
to  tlio  frequent  destruction  of  canal  banks  by  the  water  reaching  Ih* 
canal  from  the  east.  At  the  crossings  of  Cottonwood  Creek,  Fresno 
JJiver,  BBrpndii  SJough,  aud  Aah  Slough  tin?  «anal  is  left  open  toward 
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tiie  east,  and  au  oatlet  gate  in  its  west  or  lower  bank  permits  the  pas- 
sage of  the  creek  waters  when  they  are  swollen  by  fteshets. 

The  canal  is  owned  jointly  by  the  Miller  &  Lux  Company  and  the 
Califomia  Agricaltoral  and  Pastoral  Association.  The  interests  of  the 
two  concerns  are  eqaal  to  the  point  where  the  canal  leaves  the  lands 
omied  by  the  former ;  below  that  point  the  latter  is  sole  owner. 

The  canal  capacity  near  its  head  is  from  100  to  200  second-feet.  Its 
water  is  now  used  largely  for  the  irrigation  of  alfalfa,  although  when 
ihst  undertaken  the  work  was  intended  principally  for  stock  puri>oses. 
The  place  of  use  is  on  the  Kiverside  and  Columbia  ranches  of  the 
^filler  &  Lnx  Company  and  on  the  Chowchilla  Kanch  of  the  California 
Pastoral  and  Agricultural  Association.  No  water  is  sold  from  this 
canal,  it  being  all  required  for  use  on  the  three  tracts  named. 

The  total  area  of  alfalfa  land  now  under  irrigation  is  about  7,000 

acres,  nearly  equally  distributed  to  the  three  tracts  named.    On  the 

Chowchilla  Ranch  works  have  recently  been  constructed  for  extensive 

irrigation  of  grass  lands.     These   consist  of  high  well-built  levees 

extending  from  the  high  bank  land  of  San  Joaquin  Kiver  eastward  far 

oat  upon  the  plain.    These  levees,  six  in  all,  are  about  a  mile  apart, 

and  each  is  equipx>ed  with  a  large  so-called  <^  stop  gate.'-     These  gates 

are  similar  to  the  check  weirs  in  ordinary  use  on  large  canals.    The 

largest  are  40  feet  wide,  and  some  of  these  are  rei)orted  to  have  cost 

^1,500  each.    Each  of  these  gate  structures  supx>orts  a  bridge.    They 

are  used  to  restrain  water  until  the  submersible  area  above  each  is 

covered  with  water,  which  then  Hows  through  the  gate  to  the  next  tract 

to  be  inundated.    For  this  grass-land  irrigation  the  tlow  of  the  canal 

and  the  natural  flow  of  the  streams  iutercei)ted  by  it  supplement  the 

flow  of  the  Blyth  Canal,  hereinafter  referred  to. 

The  method  of  irrigating  alfalfa  lands  is  by  flooding  in  contour  checks. 
The  check  levees  on  the  Chowchilla  Kanch  were  originally  made  high 
and  had  exceptionally  steep  side  slopes.  The  areas  of  the  compartments 
or  cheeks  ranged  from  20  to  100  acres.  Tliey  were  altogether  too  large 
for  the  available  water  supply.  It  was  at  first  attempted  to  make  the 
gates  through  the  check  levees  servo  as  roadways  for  teams  and  farming 
implements,  but  this  idea  soon  proved  impracticable.  The  advantage 
of  reducing  check  areas  and  of  making  low  fiat  lovees  has  long  been 
recognized  by  the  managers  of  the  property,  and  the  original  defects 
in  the  irrigation  system  have  in  a  measure  been  remedied.'  The  River- 
side Ranch  receives  its  water  through  a  branch  canal  which  was  con- 
structed in  1884.  This  branch  is  taken  out  of  Lone  Tree  Slough  about 
IJ  miles  below  its  head  and  closely  follows  the  river.  It  has  a  length 
of  about  8  miles.  The  soil  on  the  Riverside  and  Columbia  ranches  is  a 
heavy  black  loam.  The  original  practice  was  to  subdivide  into  irregular 
checks  of  10  to  50  acres  by  means  of  high,  steep  levees.  It  was  found 
necessary  to  make  use  of  natural  sloughs  and  waterways  to  carry  off 

»See  Report  of  SUte  Engineer,  Wm.  Ham.  Hall.  1880,  Part  IV,  Appendix,  p.  177. 
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SAN  JOAQUIN  lUrEB. 
HYDROGRAPHY, 
ian  Joaquin "Biver  enters  San  Joaquin  Valley  from  tlie  east  at  a 
nt  about  20  miles  northeast  of  Fresno,  flows  sonthwesterly  55  miles 
tlie  valley  trough,  and,  entering  tlie  lowlands  of  the  Fresno  Slough 
intrj',  turns  at  Las  Juntas  abntptly  to  the  northwest  and  becomes 
i  main  drainage  channel  of  the  valley.  For  40  miles  below  Hampton- 
le,  the  point  at  wliieh  the  river  enters  the  main  valley,  its  conrae 
*  through  narrow  strips  of  bottom  land  hemmed  in  by  blufis  rising 
the  iilains  above.  These  blufl's  are  generally  one-half  mile  to  a  mile 
tttit  and  descend  abruptly  toward  the  river  from  a  very  amooth- 
ittiiced  plain.  They  gradually  decrease  in  height  toward  the  west, 
eir  height  being  nbout  60  feet  near  the  eastern  edge  of  the  valley  and 
'  feet  near  Uerudon.  Before  the  river  reaches  Las  Juntas,  20  miles 
'  river  below  Hemdon,  the  blaffs  have  disappeared  entirely,  and  the 
>od  waters  of  the  river  sweep  across  country  to  the  southwest  into 
"esDo  Swamp  and  to  the  northwest  in  a  direction  down  the  valley 
irallel  with  the  river. 

Bottom  lands  of  small  extent  flank  the  river  between  its  bluffs,  but 
ve  remained  unirrigat«d.  The  upland  of  the  main  valley  plain  is  bo 
i;h  above  the  river  near  the  eastern  border  of  the  valley  that  canals 
command  the  npland  woald  be  very  costly,  and  none  have  been  oon-  , 
acted,  thoagh  several  have  at  various  times  been  projected.  The 
'ersion  of  water  for  irrigation  is  confined  to  that  portion  of  the  river 
ng  in  or  near  the  main  valley  trough. 

Phe  area  of  the  river  drainage  basin  above  the  point  where  it  breaks 
tn  the  Sierra  Nevada  is  1,637  square  miles.  This  entire  area  is 
untainous.  Itextends  eastward  to  the  summit  of  the  Sierra  Nevada, 
miles  of  this  summit,  measured  in  a  direct  line,  being  thi^  eastern 
lit  of  the  river's  drainage  basin. 

Hie  river  is  ordinarily  at  its  highest  stage  in  the  spring  months,  gen- 
>lly  in  May  and  June;  but  winter  freshets  are  not  uncommon,  and 
:rem6  floods,  such  as  those  of  1861-62  and  18G7-68,  have  occurred  in 
iter.  The  flow  of  the  river  at  Hamptonville,  near  the  eastern  border 
San  Joaquin  Valley,  was  approximately  determined  by  the  StoAe 

•Sielacniduetoiynauuktia  WMer-Bupplr  P»pwBo.L1, p.U. 
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BAN  JOAQIJIN  RIVER. 
HYDROGRAPHY. 

1  Joaquin  *River  enters  San  Joaquin  Valley  from  the  east  at  a 
about  20  miles  northeast  of  Fresno,  flows  southwesterly  55  miles 
3  valley  trough,  and,  entering  the  lowlands  of  the  Fresno  Slough 
Ty,  turns  at  Las  Juntas  abruptly  to  the  northwest  and  becomes 
lain  drainage  channel  of  the  valley.  For  40  miles  below  Hampton- 
the  point  at  which  the  river  enters  the  main  valley,  its  course 
[irongh  narrow  strips  of  bottom  land  hemmed  in  by  bluffs  rising 
)  plains  above.    These  bluffs  are  generally  one-half  mile  to  a  mile 

and  descend  abruptly  toward  the  river  from  a  very  smooth- 
sed  plain.  They  gradually  decrease  in  height  toward  the  West, 
height  being  about  60  feet  near  the  eastern  edge  of  the  valley  and 
it  near  Herndon.  Before  the  river  reaches  Las  Juntas,  20  miles 
rer  below  Herndon,  the  bluffs  have  disappeared  entirely,  and  the 
waters  of  the  river  sweep  across  country  to  the  southwest  into 
o  Swamp  and  to  the  northwest  in  a  direction  down  the  valley 
lei  with  the  river. 

itom  lands  of  small  extent  flank  the  river  between  its  bluffs,  but 
remained  unirrigated.  The  upland  of  the  main  valley  plain  is  so 
ibove  the  river  near  the  eastern  border  of  the  valley  that  canals 
amand  the  upland  would  be  very  costly,  and  none  have  been  con- 
ned, though  several  have  at  various  times  been  projected.  The 
iion  of  water  for  irrigation  is  confined  to  that  portion  of  the  river 
in  or  near  the  main  valley  trough. 

'.  area  of  the  river  drainage  basin  above  the  point  where  it  breaks 
the  Sierra  Nevada  is  1,637  square  miles.  This  entire  area  is 
tainous.  It  extends  eastward  to  the  summit  of  the  Sierra  Nevada, 
les  of  this  summit,  measured  in  a  direct  line,  being  thn  eastern 
of  the  river's  drainage  basin. 
)  river  is  ordinarily  at  its  highest  stage  in  the  spring  months,  gen- 

in  May  and  June;  but  winter  freshets  are  not  uncommon,  and 
ne  floods,  such  as  those  of  1861-62  and  1867-68,  have  occurred  in 
r.  The  flow  of  the  river  at  Hampton ville,  near  the  eastern  border 
n  Joaquin  Valley,  was  approximately  determined  by  the  State 

'See  Introductory  remarka  in  Wftter-Sapply  Paper  No.  M,  "p.  W. 
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to  be  nsed.  They  pay  for  water  by  the  acre  irrigated.  The  caual  com- 
pany reserves  the  right  to  charge  for  water  wasted,  when  such  waste  can 
"  ascertained.  When  there  is  a  shortage  of  supply,  the  caual  snperin- 
kn.adent  distributes  water  to  the  irrigators  in  proportion  to  the  acreage 
for  which  water  is  required.  If  an  insufficient  quantity  of  water  is 
delivered  to  effect  the  proi>osed  irrigation,  a  coiTesponding  reduction  in 
tbe  water  bill  is  made.  Charges  for  water  are  made  by  the  acre,  accord* 
. 'g  to  character  of  crop  irrigated.  The  rates  in  force  preceding  1880 
were  about  as  follows :  * 

For  cereals  during  any  part  of  the  season  from  July  1  of  one  year  to 
the  same  date  the  following  year,  $2.50  per  acre. 

For  alfalfa,  $3  per  acre  x)er  year. 

For  market  gardens,  $5  per  acre  per  year. 

For  wild-grass  lands,  75  cents  per  acre  per  year. 

For  the  irrigation  of  a  second  crop  during  the  season,  $1. 

For  the  fall  irrigation  of  lands,  from  July  1  to  January  1,  the  charge 
for  a  single  application  is  f  1.50  per  acre.  After  January  1,  any  number 
of  waterings  necessary  to  mature  a  crop  of  cereals  is  given  for  $1. 

These  rates  have  at  various  times  been  modified  somewhat.  The  rate 
for  alfalfa  has  recently  been  $2.50  per  acre  per  year,  and,  under  agree- 
Bent  to  take  water  for  the  season,  application  being  made  before  October 
1,  $2  per  acre.  No  charge  is  made  for  the  irrigation  of  small  gardens  of 
&08e  irrigating  large  tracts  of  grain  or  alfalfa.  The  special  contract 
made  with  Messrs.  Miller  &  Lux  gave  them  water  at  about  one-half  of 
the  above  rates. 

Tbe  distribution  of  water  from  the  caual  to  irrigators  is  in  charge  of 
a  canal  superintendent.  Those  rec]uiring  water  must  give  ten  days' 
notice  and  must  specify  the  number  of  acres  for  which  water  is  wanted, 
u  well  as  the  particular  tract  of  land  to  be  irrigated. 

The  soils  to  which  water  is  applied  from  this  canal  are  thus  described 
by  Mr.  James  D.  Schuyler:* 

The  lands  irrigated  by  the  San  Joaqnin  and  Kings  River  Canal  vary  so  greatly  in 
rharacter  that  the  practice  of  irrigation  is  not  nniform.  From  the  point  where  irri- 
gation first  begins,  near  Firebaugh^s,  8  miles  below  the  head  of  the  canal,  to  its 
terminns  at  Orestimba  Creek,  there  is  a  gradual  change  in  the  quality,  depth,  and 
texture  of  the  soil,  from  the  minimum  of  absorbtiveness  and  the  consequent  max- 
iiDQm  number  of  irrigations  required  to  produce  crops,  to  tlie  maximum  of  absorb- 
tireness  and  the  minimum  of  applications  necessary.  The  soils  which  retain 
aoistare  longest  are  those  which  absorb  most  water  and  are  consequently  best 
a<iapt6d  for  irrigation.  In  no  irrigated  section  of  the  State  are  the  extremes  in 
*  qnality  of  soil  more  marked.  The  adobe  soils  do  not  extend  the  entire  distance 
from  tbe  canal  to  the  river,  but  seem  to  be  principally  limited  to  a  strip  2  to  5  miles 
wide  from  Firebaugh's  to  Los  Bafios  Creek.  They  are  shallow — from  1  to  2  feet 
deep— and  underlaid  with  yellow  clay  hardpan.  East  of  this  strip  to  the  river  tbe 
f^il  is  generally  of  an  alluvial  character,  highly  susceptible  of  profitable  irrigation, 
bot  not  heretofore  provided  with  facilities  for  irrigation,  the  land  being  devoted 
exclusively  to  grazing  purposes.     On  either  side  of  Los  Banos  Creek  the  soil  is  a 


iRt'port  of  State  Engiiieer,  1880,  Part  IV,  Appendix,  J.  D.  Schuyler. 
*Idem,  p.  166. 
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ssible.  This  was  done  witb  exoeUent  saccess.  The  canal  bed  was 
kde  45  feet  wide,  with  its  sides  practioaUy  vertical,  and  the  water 
pth  was  increased  to  6  feet.  The  soil  of  the  banks,  impregnated 
th  the  mnd  deposits  from  the  canal  water  and  rendered  resistant  by 
e  roots  of  plants  which  had  penetrated  it  in  all  direction  s,  showed 
)  further  tendency  to  erosion,  and  the  great  inshore  depth  of  water,  as 
ell  as  its  velodtgr,  retarded  the  growth  of  plants. 
Below  Los  Bafios  Creek  the  fall  of  the  canal  was  made  only  6  inches 
I  the  mile.  This  6<inch  fall  practically  commences  2  miles  above  Los 
auos  Greek,  as  for  some  reason  the  grade  line  of  the  canal  bed  was 
lised  1  foot  at  that  point.  Experience  on  this  canal  seems  to  jnstiQr 
16  conclnsion  that  for  a  canal  of  its  size  a  slope  as  light  as  6  inches  to 
16  mile  may  safely  be  adopted. 

This  canal  crosses  the  natural  drainage  lines  of  the  west-side  jdain 
;  right  angles.  The  water  courses  are  torrential  in  character.  They 
ive  no  flow  in  years  of  scant  rainfall,  and  in  the  occasional  wet  winters 
i6y  respond  quickly  to  the  local  storms,  but  do  not  maintain  their  flow 
ng.  Where  crossed  by  the  canal  the  arrangement  of  the  crossing  is 
:tremely  simple.  A  check  weir  is  put  into  the  canal  just  above  and 
St  below  the  creek  channel,  and  an  embankment,  usually  of  gravel, 
carried  across  the  creek  channel  just  below  the  canal  and  connected 
ith  the  canal  levee.  When  the  creek  rises  and  overtops  this  barrier, 
is  quickly  cut  out  by  the  water,  in  whole  or  in  part,  and  uxK)n  sub- 
ience  of  the  freshet  is  replaced.  The  flow  of  the  creek,  if  there  be 
ly  after  the  freshet,  is  received  into  the  canal. 

The  San  Joaquin  &  Kings  Biver  Ganal  was  intended  to  be  used  for 
mgation  as  well  as  irrigation  purposes,  and  in  accordance  with  that 
6a  the  structures  originally  planned  for  it  included  arrangements  for 
«siDg  canal  boats.  They  were  all  timber  structures  of  unnecessarily 
iavy  and  cumbersome  design  and  correspondingly  exx>ensive.  The 
ore  modern  structures  on  the  canal  are  of  the  usual  light  inexx)ensive 
pe  so  common  on  the  canals  of  the  West. 

The  distributing  ditches,  which  usually  lead  off  from  the  main  canal 
iarly  at  right  angles,  are  generally  8  to  12  feet  wide  on  the  bottom 
id  carry  water  2  to  3  feet  deep.  Their  aggregate  length  is  estimated 
about  200  miles. 

The  cost  of  the  canal  and  works  connected  therewith  has  been  about 
^,000,000,  not  including  about  $300,000  expended  in  maintenance  and 
pairs.  The  dividends  paid  have  probably  not  exceeded  $250,000.  At 
i6time  of  this  writing  there  is  a  supplementary  high  line  canal  being 
»ii8tnicted  which  will  greatly  increase  the  capacity  and  efficiency  of 
is  canal  system.  This  new  canal  leaves  the  original  canal  about  3 
iles  below  its  head  and  gradually  separates  from  it,  being  carried  on 
grade  of  only  6  inches  to  the  mile.  It  has  a  bed  width  of  about  45 
^t  and  is  generally  about  1  mile  distant  from  the  main  canal,  with 
bich  it  is  connected  by  means  of  a  number  of  short  brasic^^L  ^v\A\i^%* 


24  IRRIGATION  NEAR  MERCED,  CALIFORNIA.  liaA 

PoBey  Slough  or  Dos  Palos  Canal, — ^This  is  a  work  which  haidtf 
deserves  enameration  among  irrigation  canals,  as  it  amoants  to  M 
little  more  than  a  control  of  the  inflow  into  a  natural  high-water  chan- 
nel which   breaks  ont  of  San  Joaquin  Biver  about  8  miles  bekm 
Firebaugh's.     It  was  necessary  in  protecting  west-side  lands  agaiDBt 
overflow  to  either  close  the  slough  with  an  embankment  ooDnected 
with  the  west  side  or  to  put  a  gate  into  it    The  latter  arrangMMit 
was  preferred,  and  the  water  now  admitted   to  the  slough  ute 
control  is  utilized  in  flooding  considerable  areas  of  grazing  lands,   fk 
gate  has  a  clear  opening  of  24  feet,  divided  by  means  of  gate  Ml 
bridge  posts  into  four  spaces,  each  of  which  can  be  closed  by  meiBicf 
light  drop  timbers.    The  top  of  the  gate  is  provided  with  a  tacUgB 
floor,  afibrding  a  crossing  for  the  river  road. 

The  slough  continues  inland  for  some  distance  as  a  well-deflned 
channel  through  which  water  is  led  into  a  series  of  broad  swaks  or 
gentle  depressions.  Across  these  depressions  embankmenta  of  «rth 
have  been  erected  to  a  maximum  height  of  4  or  5  feet,  by  means  of  lAU 
the  water  is  checked  and  made  to  inundate  considerable  areas.  Om 
embankment  after  another  is  cut  for  the  passage  of  the  water  to  the 
next,  or  the  water  breaks  a  passage  of  its  own,  and  by  this  crude  qrs- 
tem  of  irrigation  considerable  areas  of  grazing  land  are  wet  doriDg 
the  spring  rise  of  San  Joaquin  Biver. 

It  is  hardly  necessary  to  say  that  this  method  of  wetting  lands  can 
be  practiced  only  on  large  holdings,  such  as  those  of  the  Miller  &  Lux 
Company. 

Temple  Slough, — This  is  a  slough  of  the  same  type  as  Posey  Slongh, 
though  somewhat  smaller.  It  has  been  similarly  treated.  It  breaks 
out  of  the  west  side  of  the  river  about  3  miles  below  Posey  Slough.  Its 
head  gate  is  also  in  use  as  a  bridge,  but  the  head  gate  is  of  the  cnlveit 
type  and  is  loaded  on  top  with  an  earth  All.  It  is  16  feet  wide,  being 
divided  by  posts  into  four  spaces.  The  bottom  of  the  gate  is  at  ot 
slightly  above  the  low- water  plane  of  the  river.  The  water  admitted 
to  the  slough  is  used  for  irrigation  in  the  same  crude  way  as  that  oi 
Posey  Slough. 

Sanjon  de  Santa  Rita. — This  is  a  third  slough  which  breaks  od^ 
through  the  west  river  bank,  but,  unlike  Posey  and  Temple  sloughs,  i*^ 
has  a  comparatively  direct  northwesterly  course  to  a  reunion  with  th^ 
main  channel  of  San  Joa(|uin  Kiver,  about  12  miles  below  its  head- " 
There  is  no  gate  at  Its  head  for  the  control  of  inflowing  water,  but  b^ 
means  of  temporary  spur  dikes  or  dams  of  sand  and  brush  built  intc^ 
the  main  stream  its  period  of  flow  is  prolonged  somewhat  beyond  wha^ 
it  would  otherwise  be.    Water  is  diverted  from  the  slough  into  a  shorts 
ditch  for  the  irrigation  of  several  hundred  acres  of  land  at  the  Millei^ 
&  Lux  home  place,  the  Santa  Kita  Ranch.    The  head  of  this  ditch  i^^ 
about  3^  miles  below  the  head  of  the  slough,  on  its  west  bank.    The 
flow  of  the  water  into  the  ditch,  which  has  ti  width  of  10  to  12  feet,  is 
controlled  by  means  of  a  light  gale. 
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Iffih  OamaiL — The  main  supply  of  water  for  the  grassland  irrigation 
ihe  Ghowchilla  Banoh — already  referred  to  in  describing  the  Chow- 
la  Oanal — ^is  obtained  from  the  San  Joaquin  Biver  through  the 
th  GanaL  (See  PL  IIL)  This  is  an  east-side  canal  from  San  Joa- 
Q  Biver,  the  head  of  which  is  some  miles  below  Las  Juntas.  The 
al  is  cut  boldly  into  the  river  bank,  with  a  bottom  width  of  20  feet, 
receives  water  from  the  river  only  at  high  stages.  Its  flow  is  eon- 
lied  by  a  well-constructed  regulator  or  b^ftd  gate  of  the  culvert  type, 
mpports  a  5-foot  fill  of  earth,  which  serves  as  a  roadway  across  the 
lal.  The  entrance  to  the  culvert  is  divided  into  Ave  4-foot  spaces  by 
i;ical  posts,  which  afford  support  to  vertically  sliding  flashboards,  3 
12  inches,  raised  by  means  of  two  double  hooks  engaging  on  iron 
is,  to  which  power  is  applied  by  a  winch.  The  canal  discharges  into 
),  east-side  flat  valley  trough,  where  its  flow  is  intercepted  by  a  series 
cross  levees,  each  extending  from  comparatively  high  ground  at  the 
er  eastward  across  the  depression.  These  cross  levees,  five  or  six  in 
,  are  about  a  mile  apart  and  are  all  equipped  with  stop  gates,  for 
3  discbarge  of  surplus  water  to  lower  levels.  The  basin  above  the 
permost  one  is  first  filled,  then  water  is  allowed  to  flow  through  its 
ip  gate  to  the  second,  and  so  on  to  the  last,  thus  eflecting  wholesale 
d  very  economical  grass-land  irrigatioD. 

East  Side  or  Stevensan-MitoheU  Oanal. — ^This  canal,  as  its  name  implies, 
an  east-side  diversion.  The  head  of  the  canal  is  at  a  point  on  San 
aquin  Biver  about  14  miles  southwest  of  Merced.  It  has  a  north- 
istdrly  course  from  this  point  for  a  distance  of  20  miles,  to  near  Merced 
VI  r,  and  commands  a  strip  of  land  intermediate  between  the  canal 
id  l^an  Joaquin  Biver,  2  to  4  miles  in  width.  (See  PI.  lY.)  The  flrst 
w  n  lies  of  its  course  are  over  heavy  clayey  soils  within  the  limits  of 
e  river's  flood  plain;  the  rest  of  its  course  is  out  upon  the  sandy 
ain  which  skirts  the  southern  bank  of  Merced  Biver.  It  commands 
K)nt  50,000  acres  of  land. 

The  canal  was  constructed  in  1887  by  Messrs.  J.  J.  Stevenson  and 
16  late  John  Mitchell,  who  were  the  principal  owners  of  the  lands  com- 
anded.  It  is  42  feet  wide  on  the  bottom  and  has  side  slopes  of  1  to  1 
'  the  natural  surface  of  the  ground,  generally  at  4  feet  above  the  bot- 
m.  The  fall  is  6  inches  to  the  mile.  The  canal  levees  rise  about  3 
et  above  natural  ground  and  are  set  back  10  feet  from  the  edge  of  the 
ccavation.  The  proposed  maximum  water  depth  is  6  feet  and  width 
1  water  surface  74  feet.  The  steep  sides  of  the  canal  excavation  were 
iopted  as  a  result  of  the  experience  on  the  San  Joaquin  and  Kings 
iver  Canal — to  prevent  the  growth  of  weeds  and  aquatic  plants,  which 
ike  root  readily  on  flat  slopes. 

All  structures  on  the  canal  are  of  a  simple  flasbboard  type.    There  is 
^vided  a  regulator  or  head  gate,  and  the  flow  of  water  in  the  canal  is 
irther  controlled  by  means  of  six  check  weirs,  locally  called  stop 
i^tes.    The  canaJ  crosses  the  natural  drainage  of  the  couiitc^.    M» 
ch  water  course  thus  crossed  an  inlet  gate  is  put  into  thib  u^iy^  ^n 
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east-side  canal  levee  and  an  oatlet  gate  into  the  lower  levee.    Thes^^ 
gates,  36  in  all,  range  in  width  fh)m  12  to  64  feet.    All  of  them,  as 
as  the  check  weirs  in  the  canal,  are  bridged  over.    Daring  winter 
canal  is  out  of  service,  and  all  of  the  gates  are  left  open,  to  admit  of  tiuB 
free  passage  of  drainage  waters  across  the  line  of  the  canal.    The  first 
cost  of  the  canal  work  was  abont  $80,000,  which  has  been  increased  by  j 
subsequent  expenditures,  principally  on  the  construction  of  branches,  | 
to  about  $125,000.  \ 

Water  is  sold  from  this  canal  by  the  acre  irrigated,  the  charge  being  r 
$2  per  acre  if  application  be  made  for  water  before  the  1st  of  January, 
and  $2.50  per  acre  if  applied  for  later.  This  difference  in  the  rate  per 
acre  is  int'Cndcd  to  induce  irrigators  to  make  application  before  it  is 
known  whether  rainfall  alone  will  prove  suf^cient  to  produce  a  graui 
crop. 

The  water  distributed  is  under  control  of  a  canal  superintendeKmtb 
The  canal  company  furnishes  the  gates  for  water  delivery  to  irrigatoxrs. 
All  lateral  or  branch  canals  are  constructed  by  the  irrigators  and  wA 
their  expense. 

FRESNO  BIVEB. 

HYDROGRAPHY. 

Fresno  Eiver  is  a  small  torrential  stream  which  drains  the  western 
slope  of  outlying  spurs  of  the  Sierra  !N^evada  and  which  debouches  u] 
the  plains  of  San  Joaquin  Valley  about  15  miles  to  the  north  of 
Joaquin  Eiver.    The  river  is  dry  in  summer,  but  ordinarily  has 
considerable  winter  and  spring  flow.    Its  drainage  basin  above  th^^ 
point  where  it  leaves  the  hills  has  an  area  of  272  square  miles.    Iti^^ 
flow  usually  commences  in  December  and  gradually  increases  till 
March.    It  ceases  to  flow  in  June,  July,  or  August.    During  the  rainy 
season  it  is  subject  to  sudden  rises  of  short  duration.    The  maximum 
monthly  average  for  the  period  1878  to  1884,  as  approximated  by  the 
State  engineer,  is  given  as  568  second-feet  for  the  month  of  March. 

This  stream  soon  after  leaving  the  foothills  proper  bifurcates,  send- 
ing off  several  lesser  southerly  branches,  among  which  are  Adobe  and 
Oottouwood  sloughs.  A  branch  of  the  former  reunites  with  the  main 
stream  some  miles  above  Madera. 

The  bed  of  the  river  is  a  broad  sandy  depression,  having  compu^ 
tively  high  banks,  near  the  eastern  edge  of  San  Joaquin  Valley,  where 
it  is  here  and  there  flanked  by  small  tracts  of  bottom  land.  At  Madera 
the  river  banks  are  quite  low,  and  a  few  miles  farther  west  the  freshet 
waters  of  the  stream  spread  and  are  carried  on  toward  San  Joaqain 
Biver  in  several  small  channels. 


ifATiiei^A   CANAL. 


27 


CANALS  AND  DITCHES. 

The  water  brought  down  to  Madera  in  the  flume  of  the  Madera  Lum- 
ber (Company  is  used  fbr  irrigation  at  and  to  the  west  of  Madera.  This 
mter  is  in  large  part  a  diversion  from  a  tributary  of  San  Joaquin 
BiTer.  It  was  necessary  to  make  this  divenrion  high  up  in  the  moan- 
tuns  and  to  carry  the  water  from  the  one  watershed  across  the  dividing 
ridge  into  the  other  stream,  on  account  of  the  small  summer  flow  of 
FresDo  Biver. 

The  lumber  flume  is  of  the  ordinary  V-shaped  type,  serving  to  float 
himber  a  distance  of  about  35  miles,  from  the  sawmill  to  Madera.  The 
waste  water  from  the  flume  flows  into  branches  of  the  Madera  OanaL 

Madera  Oanal  {Fresno  Biver  Dam  and  Canal  Compantfe  Oanat). — ^This 
is  a  work  of  some  magnitude  which  is  interesting,  in  part,  at  least,  on 
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Fio.  7.— Head  of  Freano  River  Canal. 

aoconnt  of  the  failures  in  which  the  first  effort  to  secure  water  resulted. 
'^t  great  expense  a  dam  was  constructed  across  Fresno  Eiver  about  2 
oules  above  Madera,  and  from  it  a  deep  cut  was  excavated  through  the 
river  bank,  which  there  rises  about  16  feet  above  the  river  bed.  The 
dam  consisted  in  the  main  of  three  rows  of  double  sheet  piling,  reen- 
A>rced  by  numerous  ordinary  piles,  and  a  timber  top  work,  forming  a 
^bstantial  sill  across  the  stream  that  was  intended  to  raise  water  4 
^f  5  feet  above  the  ordinary  low- water  plane.  It  was  311  feet  long,  and 
^ised  the  water  surface  of  the  river  6  feet.    It  was  intended  also  to 

« 

^tercept  a  subsurface  flow  supposed  to  exist  in  the  sands  of  the  river 
^,  but  failed  to  develop  any  water  from  this  source.  A  head  gate 
ftnd  waste  gate  at  the  south  end  of  this  structure  afforded  cotLtsolot 
^^vaAowinto  the  canal,  wbicb  was  made  20  feet  wide  0Ti^^e\KAtoisi^ 
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with  aide  dopes  of  1  on  2.  The  depdi  of  the  cot  tibrongiL  the  ivm 
bank  became  less  as  distanee  tmm  the  river  inereaaed,  and  witMni 
mile  the  canal  was  at  the  general  sorfinee  level  of  the  valley  plain. 
From  this  point  special  effinrt  was  made  to  hold  the  main  canid  ontbe 
top  of  flat  sand  ridges,  which  position  it  was  thought  would  afford  tihe 
best  possible  conmiand  of  the  lands  to  be  irrigated.  Not  only  was  the 
canal  located  on  the  highest  available  ground,  but  it  was  endeavored 
to  hold  the  water  sorface  in  the  canal  and  distributing  ditches  well 
above  the  natural  surface  of  the  ground.  Materiid  for  canal  baoks 
was  taken  largely  from  the  outside.  Aiter  the  exx>enditure  of  about 
$60,000  on  the  dam  and  canal  it  was  found  that  breaks  in  the  canal 
banks  were  of  so  frequent  occurrence,  and  loss  of  water  was  so  greats 
that  it  would  be  an  wise  to  x>erfeet  or  further  extend  the  ^jrstem.  It  was 
found,  too,  that  the  dam  was  a  foilure,  particularly  owing  to  the  loss 
of  water  in  the  porous  creek  channel  for  miles  above  it.  It  was  thai 
found  that  by  turning  a  portion  of  the  river's  flow  into  Adobe  Sloogh, 
some  miles  &rther  upstream,  and  patting  an  inexpensive  regulator  in 
its  head,  water  could  be  brought  into  the  head  of  the  canal  and  thence 
into  a  water  coarse  passing  directly  through  the  lands  already  pre- 
pared to  receive  it.  This  was  done,  and  a  few  dams  in  the  slough  lower 
down,  with  regulating  gates  in  each,  completed  a  main  canal  system 
that  has  been  comparatively  inexpensive  and  has  served  its  parpose 
well.    About  $20,000  was  the  first  cost  of  this  supplemental  work. 

It  is  understood  that  the  water  supply  of  the  canal  is  ftirther  reen- 
forced  by  the  Adobe  Ranch  Ditch,  which  diverts  water  from  the  river 
at  a  point  known  as  <^  Chinee  Store,''  located  in  the  foothills  abont  1^ 
miles  above  Madera.  This  ditch  is  10  feet  wide  on  the  bottom,  carried 
water  4  feet  deep,  and  at  the  Adobe  Ranch,  aboat  7  miles  above  Madera 
is  connected  with,  and  adds  in  a  measure  to  the  supply  of,  the  lowe 
works.  The  canal  company  proposes  soon  to  construct  storage  work 
in  the  mountains  in  order  to  secure  a  continuoas  flow  of  water  for  it 
canal  system. 

The  lands  prepared  for  irrigation  with  water  from  this  canal  have  a 
area  of  about  16,000  acres.  They  lie  in  a  compact  body  to  the  soutl 
w%;*d,  beyond  Cottonwood  Slough.  The  surface  of  the  lands  irrigate 
is  very  smooth  and  has  an  almost  imperceptible  slope  of  7  to  8  feet  pc 
mile  toward  the  southwest,  adapting  them  admirably  for  irrigatioi 
The  soil  is  a  sandy  loam,  rather  heavy  in  the  eastern  portion  of  tb 
irrigated  region,  and  very  sandy  near  its  western  limit.  The  heavi( 
soils  are  underlain  by  a  shaly  hardpan  a  few  feet  below  the  surface 
This  is  deeper  below  the  surface  of  the  sands  or  is  entirely  wantini 

Water  is  ordinarily  available  for  irrigation  from  some  time  in  Deceii 
ber  to  May.  Occasionally  there  is  a  good  flow  in  the  canal  durin 
June.  It  is  diverted  from  the  slough  above  referred  to  into  branc 
<litches,  which  leave  the  slough  just  above  the  dams  that  have  bee 
built  into  it. 
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Hie  method  of  irrigation  is  that  of  flooding  in  oontoor  checks.    The 
^k  levees  are  ahnost  invariably  constrncted  on  contour  lines,  each 
king  1  foot  lower  than  the  next  one  above.    The  sjmce  between  levees 
Ib  divided  by  cross  levees  into  compartments  or  checks  whose  area 
^ftries  between  wide  limits,  reaching  as  high  as  40  acres.    The  ordinary 
check  has  an  area  of  about  4  to  12  acres. 

A  good  head  of  water  for  irrigation  in  this  section  is  from  20  to  25 
leoond-feet,  but  irrigators  are  frequently  compelled  to  be  content  with 
^MMly  10  to  15  second-feet.  Irrigation  is  always  commenced  on  the 
Lighest  i^und;  the  upper  check  is  filled,  and  when  frill,  the  water  is 
camed  into  the  next  lower  check,  while  at  the  same  time  the  surplus 
rater  of  the  upper  check  is  also  turned  into  the  second  check  through 
to  cat  or  gate  in  the  contour  levee  between  the  two  checks.  Irrigation 
frxogresaes  night  and  day,  and  two  men  are  constantly  on  duty  for  each 
KTigating  head  of  water. 

Both  alfalfa  and  grain  are  generally  irrigated  but  once  each  season. 
Srain  as  a  rule  is  irrigated  only  when  long-continued  drought  makes 
uTigation  necessary  to  save  the  crop.  Alfalfa  receives  more  than 
one  irrigation  when  water  is  available  long  enough. 

The  main  canal  of  this  system  was  until  February  of  this  year  (1897) 
tmned  by  a  company  or  association  of  farmers  which  made  no  agree- 
nents  for  the  delivery  of  water  to  irrigators  for  longer  periods  than  one 
season.  The  distribution  of  water  from  the  canal  was  in  charge  of  a 
soperintendent,  to  whom  application  for  water  had  to  be  made  before 
the  irrigating  season  commenced.  To  these  parties,  who  were  required 
to  specify  the  acreage  which  they  purposed  to  irrigate  and  the  time 
when  water  was  required,  the  water  was  apportioned.  When  there 
was  more  water  in  the  canal  than  was  required  by  them,  this  was  avail- 
able for  those  parties  who  neglected  to  put  in  application  for  water 
Wore  the  date  fixed  as  the  commencement  of  the  irrigating  season. 
An  parties  applying  for  water  were  required  to  pay  for  it  whether  they 
used  it  or  not.  If  water  was  insufdcieut  to  meet  the  demands  of  all 
applicants,  it  was  apportioned  by  the  superintendent  according  to 
his  judgment,  and  was  paid  for  by  the  acre  of  laud  actually  irrigated. 
The  charge  for  water  was  originally  $1  per  acre  for  grain  and  $2  for 
al&lfa.  Subsequently  the  rate  was  raised  to  $1.50  for  grain,  and  since 
18S5  it  has  been  made  $2,  which  is  the  charge  per  acre  regardless  of 
the  nature  of  the  crop.  This  rate  remained  the  same  no  matter  how 
often  water  was  applied. 

Of  the  16,000  acres  of  land  prepared  for  irrigation,  it  is  reported  that 
as  much  as  12,000  acres  have  been  irrigated  in  one  season.  Ordinarily, 
however,  the  area  irrigated  is  5,000  to  6,000  acres. 

The  cost  of  land  preparation  for  irrigation,  covering  the  construction 
of  small  irrigating  ditches  and  check  levees,  is  estimated  at  $2  per 
acre,  and  the  cost  of  each  application  of  water  at  about  25  cents  per 
acre. 


30 


ISBIOATIOK  MBAB  HEBCBD,  CALIFOBNU. 


(MlHl 


Tbe  caoal  properly  baa  recently  poseed  Into  the  hande  of  a  new  ooiv 
poratioQ  and  vill  be  managed  on  lines  similar  to  tbose  of  the  Fresno 
OaDal  firom  Kings  Biver,  except  that  in  addition  to  selling  water  to 
lands  covered  by  water  rights  water  will  also  be  famished  at  an 
increased  annoal  rate  to  lands  not  so  covered.  Tbe  new  company  is 
^nown  as  the  "Uadera  Oanal  and  Irrigating  Company."  It  is  capital- 
ized at  $400,000,  in  shares  of  $10  each. 

The  water  rigbts  are  at  present  sold  at  95  per  acre.  The  annual 
water  rate  to  be  pidd  for  each  acre  covered  by  the  right  is  91.  Tbe 
oanal  company  places  the  gat«  in  the  canal  bank  for  the  delivery  of  the 
water ;  it  reserves  the  right  to  convert  the  irrigator's  private  ditch  into 
a  branch  ditch  under  tbe  company's  control,  provided  snch  nse  shall 
not  interfere  with  the  delivery  of  water  to  the  owner  of  the  water 

right;  it  makes  tbe 
water  right  an  ap- 
portenance  of  the 
land  on  which  it  is 
located;  it  reserves 
the  right  to  shot  off 
water  for  repairs, 
and  does  not  hold 
itself  responsible 
for  deficiency  of 
water  caused  by 
drought,  insaffl- 
cieot  water  in  river, 
hostile  diversion  or 
obstruction,  forci- 
ble entry,  or  tem- 
porary damage  l^ 
food  or  other  acoi- 
deuts,  but  agrees  to 
use  at  all  times  dne 
diligence  in  restoring  and  protecting  the  flow  of  water  in  the  canals. 
The  canal  company  also  reBcrves  the  right  to  sell  Z'jO  water  rights  of  1 
second -foot  of  water  each  (1  secoud-foot  to  each  ICO  acres),  and  it  is 
to  be  understood  that  each  water  right  sold  shall,  whenever  the  canals 
flow  less  than  250  second-feet,  represent  the  two  hundred  and  fiftieth 
part  of  tbe  available  supply.  Tbe  purchaser  of  the  water  right  makes 
the  water  rights  a  lien  upon  the  land  covered ;  he  agrees  not  to  ose  water 
wastefully,  and  be  grants  to  the  causil  company  the  right  of  way  for 
canals  and  ditches  over  all  laud  owned  by  him  and  located  in  the  same 
township  as  the  specific  tract  covered  by  the  so-called  water  right. 

Water  is  delivered  for  $2  per  acre  per  year  to  parties  whose  lands 
are  not  covered  with  water  righto.    Tlie  charge  for  grain  land  is  $1  per 
acre  for  one  wetting,    Tbe  charge  for  garden  irrigation  is  $5  per  acre 
jferyear. 


FiQ.  8.— Head  of  Adotw  Slough. 
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Adobe  Ranch  Ditch. — ^Abont  12  miles  above  Madera,  on  Fresno  River, 
between  low  oatlyiug  foothills,  lies  the  Adobe  Ranch,  on  which  between 
300  and  400  acres  of  bottom  lands  are  cultivated  in  alfalfa.    Water  for 
use  on  this  land  was  made  available  by  means  of  a  small  ditch  con- 
stracted  abont  fifteen  years  ago,  the  head  of  which  is  abont  7  miles 
farther  upstream,  on  the  south  side  of  the  river.    The  water  of  this 
ditch  was  originally  delivered  into  a  small  reservoir  lying  between  low 
bills  on  the  south  side  of  Fresno  River  close  by  the  tract  to  be  irriga- 
ted, and  water  was  drawn  from  the  reservoir  as  re<iuired.    The  method 
of  irri^tion  is  by  flooding  in  checks,  each  several  acres  in  area.    The 
cost  of  applying  water  is  given  at  65  cents  per  acre  per  irrigation. 
The  ditch  is  now  said  to  be  a  feeder  of  the  Madera  Canal  and  is 
reported  to  have  a  bed  width  of  10  feet  and  to  carry  water  4  feet  deep. 

CHOWCmiiliA  RIVER. 
HYDROGRAPHY. 

The  same  description  given  for  Fresno  River  will  answer  for  the 
Ghowchilla,  except  that  its  bank  lands  are  even  lower  and  the  separa- 
tion of  its  water  into  several  channels  soon  after  its  debouchment 
OIL  the  valley  plain  is  still  more  pronounced.  The  river's  drainage  basin 
IB  268  square  miles.  Its  flow  and  period  of  tlow  are  about  the  same  as 
noted  for  Fresno  Biver. 

Two  channels  break  out  from  the  south  side  of  the  river  near  the 
eastern  margin  of  the  valley  plain.  These  are  Berenda  and  Ash 
doughs,  both  of  which  have  a  very  direct  southwesterly  course,  being 
respectively  4  and  2  miles  from  the  main  stream  at  Minturn.  All  of 
these  channels  across  the  east-side  plain  of  San  Joaquin  Valley  have 
shallow  beds  of  sand  and  banks  rather  low,  but  still  somewhat  higher 
than  the  general  surface  of  the  plain.  Their  flow  spreads  over  large 
areas  near  San  Joaquin  Biver,  and  there  is  no  pronounced  junction  of 
Chowchilla  Biver  with  the  main  drainage  way  of  the  valley. 

CANALS. 

KoMcTj  West  &  Minturn  canal  system. — The  use  of  water  from  Oho w- 
eblUa  Biver  for  irrigation  has  been  confined  to  several  thousand  acres  of 
land  at  and  near  Mintuni.    (See  map,  PI.  IV.)    The  main  river  channel 
has  been  converted  into  a  supply  canal  by  the  construction  of  several 
dams.    The  uppermost  of  these  dams  is  just  below  the  head  of  Ash 
Slough.    It  is  in  the  nature  of  an  earth  or  sand  embankment  carried 
across  the  river  channel  and  equipi)ed  with  a  larp^e  regulating  gate  in 
ite  center.    The  gate  is  of  the  ordinary  flashboard  type,  with  a  light 
bridge  over  its  top.    It  is  protected  against  undermining  by  sheet  pil- 
ing, and  the  water  required  for  irrigation  below  is  allowed  to  pass 
through  it.    Any  excess  flow  of  the  river  is  turned  down  Ash  and 
Berenda  sloughs.    About  a  mile  north  of  Minturn  and  about  10  miles 
below  the  dam  just  referred  to,  a  second  dam  of  similar  cUaractcr  is 
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maintaiiied.  This  stmctare  oonverts  a  section  of  tbe  rirer  into  a  nm- 
voir  which  overflows  through  a  gate  in  the  dam  to  the  lower  portion  of 
the  river,  and  through  gates  in  river-bank  levees  sends  water  toward 
the  north  and  sonth. 

The  water  diverted  at  this  iK>int  is  used  principaUj  on  the  vineyard 
lands  of  Messrs.  Eohlc^y  West  &  Mintnrn.  Some  of  it  is  passed  on 
to  other  irrigators.  The  irrigation  ditches  are  small,  8  to  12  feet  wide, 
carrying  water  aboat  2  feet  deep,  and  terminate  within  a  few  miles  of 
the  river. 

A  third  dam  is  maintained  in  the  river  abont  2  miles  below  tbe 
second,  aud  water  is  taken  from  above  it  for  the  irrigation  of  tbe 
Mintum  farm. 

These  dams  are  8  to  14  feet  high,  built  of  such  material  as  the  met 
bed  a£fords,  and  have  stood  remarkably  well.  The  success  of  tbis 
system  of  handling  the  water  of  tlio  riv(*r.  wiiich  is  200  to  300  feet 
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Fia.  9.— Water  diversion  by  Eohler,  Wettt  Sc  Mintam  Canal. 


wide,  depends,  of  course,  upon  the  possibility  of  forcing  practically  tbe 
entire  freshet  flow  into  the  other  channels. 

The  method  of  vineyard  irrigation  practiced  at  Minturn  is  that  of 
flooding  in  small  checks,  some  of  which  have  been  laid  out  rectilinearly) 
while  others  are  fitted  to  the  contours  of  the  ground.  The  soils 
irrigated  are  sandy  loams,  very  retentive  of  moisture,  which  with  water 
have  proved  very  productive  and  well  adapted  to  the  culture  of  the 
p*ape. 

Surplus  waters — that  is,  water  in  excess  of  that  required  for  tbe 
irrigation  of  the  lands  belonging  to  the  firm  owning  the  canal — have 
been  held  for  sale.  The  rate  which  prevailed  several  years  ago  wa^ 
$1.50  per  acre  of  land  actually  irrigated. 

Buchanan  Reservoir  project — A  work  of  considerable  magnitude  prO' 
IK>sed  for  Chowchilla  River  is  the  construction  of  a  reservoir  of  great* 
capacity  several  miles  above  Buchanan.    This  work  is  to  be  carried 
oat  to  secure  an  adequate  water  supply  for  tlici  30,000  acres  of  land  o^ 
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maintained.  This  stmctare  oonverts  a  section  of  tbe  river  into  a  wm- 
voir  which  overflows  throagh  a  gate  in  the  dam  to  the  lower  portioD  of 
the  river,  and  throagh  gates  in  river-bank  levees  sends  water  towaid 
the  north  and  south. 

The  water  diverted  at  this  iK>int  is  used  principally  on  the  viDeyaid 
lands  of  Messrs.  Kohler,  West  &  Mintorn.  Some  of  it  is  passed  on 
to  other  irrigators.  The  irrigation  ditches  are  small,  8  to  12  feet  wide, 
carrying  water  about  2  feet  deep,  and  terminate  within  a  few  miles  of 
the  river. 

A  third  dam  is  maintained  in  the  river  abont  2  miles  below  tbe 
second,  aud  water  is  taken  from  above  it  for  the  irrigation  of  the 
Minturn  farm. 

These  dams  are  8  to  14  feet  high,  bnilt  of  snch  material  as  the  n?6r 
bed  a£fords,  and  have  stood  remarkably  well.  The  snccess  of  tbia 
system  of  handliDg  the  water  of  tlio  river,  which  is  200  to  300  feet 
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FiQ.  9.— Water  diversion  by  Eohler,  West  6c  Mintum  Canal. 

wide,  depends,  of  course,  upon  the  possibility  of  forcing  practically  the 
entire  freshet  flow  into  the  other  channels. 

The  method  of  vineyard  irrigation  practiced  at  Mintum  is  that  of 
flooding  in  small  checks,  some  of  which  have  been  laid  out  rectilinearly^ 
while  others  are  fitted  to  the  contours  of  the  ground.  The  soils 
irrigated  are  sandy  loams,  very  retentive  of  moisture,  which  with  water 
have  proved  very  productive  and  well  adapted  to  the  culture  of  tbe 
p*ape. 

Surplus  waters — that  is,  water  in  excess  of  that  required  for  tbe 
irrigation  of  the  lands  belonging  to  the  firm  owning  the  canal — have 
been  held  for  sale.  The  rate  which  prevailed  several  years  ago  was 
$1.50  per  acre  of  land  actually  irrigated. 

Buchanan  Reservoir  project. — A  work  of  considerable  magnitude  pro- 
IK>sed  for  Ghowchilla  River  is  the  construction  of  a  reservoir  of  great 
capacity  several  miles  above  Buchanan.    This  work  is  to  be  carried- 
oat  to  secure  an  adequate  water  supply  for  ttici  ^Q,QWi  «at«&  of  land  of 
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the  JBereuda-Ghowchilla  tract  owned  by  the  Sharon  estate.  The  dam 
18  proposed  is  to  be  built  of  nnooorsed  rabble.  It  is  to  have  a  height 
tflOO  feet  and  will  store  42,400  acre-feet  of  water.^ 

HERCBD  RI\rER. 

HYDROGRAPHY. 

Merced  Biver  is  to  be  classed  among  the  principal  streams  which  flow 

down  the  western  slope  of  the  Sierra  Nevada  into  San  Joaqain  Valley. 

it  has  a  perennial  flow,  its  low- water  discharge  being  about  the  same 

as  that  of  Tuolumne,  Stanislaus,  and  Mokelumne  rivers,  nearly  200 

second-feet.    The  river  has  a  high  mountain  and  foothill  watershed  of 

1,076  square  miles.    Its  bed  where  it  enters  the  valley  is  considerably 

depressed  below  the  general  surface  of  the  plain.    It  is  flanked  by  low 

bottom  lands,  which  extend  with  irregular  width  to  the  base  of  the 

bluffs  rising  to  the  higher  land  of  the  main  valley.    The  bottom  lands 

near  SneUing  expand  to  a  width  of  several  miles,  forming  a  secondary 

valley  of  no  small  importance.    Westward  from  Livingston  the  main 

plain  gradually  drops  to  the  level  of  the  river  lands,  and  long  before  a 

jimction  with  San  Joaquin  Biver  is  effected  the  Merced  is  flanked  by 

large  areas  subject  to  periodical  inundation. 

The  flow  of  the  river  approximated  by  the  State  engineer  for  the 
years  1878  to  1884  indicates  an  average  monthly  rate  of  1,500  second- 
feet  for  February,  over  1,700  second-feet  for  March,  3,000  to  5,000 
second-feet  from  April  to  June,  1,900  second-feet  in  July,  400  to  600 
seoond-feet  in  August,  December,  and  January,  and  a  low-water  flow  of 
about  200  second-feet  during  the  months  of  September,  October,  and 
November.* 

These  figures,  indicating  as  they  do  a  very  considerable  flow  in  the 
spring  and  early  summer,  show  the  importance  of  this  stream  as  a  pos- 
sible source  of  water  supply  for  large  irrigation  canals.  Although  the 
value  of  this  stream  for  irrigation  has  long  been  recognized,  as  well  as 
that  of  the  other  rivers  of  the  same  class — the  Tuolumne,  Stanislaus, 
and  Mokelumne — the  construction  of  irrigation  works  on  a  large  scale 
has  progressed  but  slowly.  This  is  due,  first,  to  the  fact  that  the  posi- 
tion of  these  streams,  depressed  as  they  are  from  40  to  80  feet  below 
the  general  surface  of  the  east-side  plain,  makes  a  diversion  of  water 
npon  the  higher  surface  of  this  plain  very  expensive;  and,  secondly,  to 
the  fact  that  the  lands  commanded  are  sufficiently  favored  with  natu- 
ral advantages  to  render  them  available,  in  a  measure  at  least,  for 
farming  without  rrigation. 

The  only  canal  from  Merced  River  which  carries  water  out  upon  the 
east-side  plain  of  San  Joaquin  Valley  is  the  Merced  or  Crocker  Huffman 
Canal.  All  other  irrigation  works  are  comparatively  small  ditches  in 
use  for  the  irrigation  of  the  limited  bottom  lands. 

'See  American  irrigation  engineeriDg,  by  H.  M.WilRon :  ThirteoDth  Ann.  Rept.  U.  S.  Geol.  Sarvey, 
FtftIII,1893,p.  314. 
'PbjBical  Data  and  Stotistics,  W.  H.  Hail.  State  engliK^er  uf  California,  lBS6,pp.  iH,  il^. 
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CANALS  AND  DITCHES. 

Merced  or  Crocker-Huffman  Canal, — ^This  work  is  the  extension  nd 
enlargement  of  an  older  ditch  known  as  the  Farmers  Canal.  It  hasiti 
head  on  the  sonth  side  of  Merced  Eiver,  abont  2  miles  below  Heroel 
Falls.  (See  map,  PI.  lY.)  Skirting  the  base  of  the  blnffs  to  the  sontk 
of  the  bottom  lands,  it  reaches  the  upland  and,  penetrating  seveid 
foothill  spars,  attains  a  position  which  commands  the  east-side  plain  rf  | 
San  Joaquin  Valley  to  and  beyond  Bear  Creek.    (See  PI.  VIII.) 

The  enterprise  was  conceived  by  the  late  William  G.  Collier,  a  sni- 
veyor  and  civil  engineer,  who  had  already  had  some  exx>erienoe  in 
constructing  irrigation  ditches  from  Bear  Creek.  An  organization  of 
farmers  was  formed,  which  incorporated  in  1873  under  the  name  of  the 
Farmers  Canal  Company,  and  work  on  the  canal  was  pushed  forwail 
as  rapidly  as  the  available  means  would  permit.  Unforeseen  difQcultieSy 
notably  due  to  lack  of  funds  occasioned  by  excessive  cost  of  excavation, 
prevented  the  plans  from  being  frilly  carried  out  as  originally  proposed* 
However,  by  March,  187G,  the  canal  reached  Canal  Creek,  and  water 
was,  through  it,  made  available  for  irrigation.  The  length  of  the 
canal  to  this  point  was  about  8  miles.  For  most  of  the  way  it  had  been 
cut  into  a  hard  gravelly  soil,  which  cost  to  excavate  about  20  cents  per 
cubic  yard,  instead  of  10  cents,  as  had  been  estimated.  It  penetrated, 
a  ridge  by  a  tunnel  1,600  feet  long,  11^  feet  wide  by  9  feet  high,  whicli 
cost  about  $20,000.  This  tunnel  is  in  soft  sandstone  and  firm  cemented 
gravel,  and  did  not  require  lining.  The  canal  as  constructed  had  abed 
width  of  20  feet,  and  was  4  feet  deep,  it  followed,  in  a  southwesterly 
direction,  a  grade  line  having  a  fall  of  1  foot  to  the  mile,  except  at  the 
tunnel  approaches  and  in  the  tunnel  itself,  where  the  fall  was  increased 
to  10  feet  to  the  mile. 

The  Farmers  Canal  Company  could  not  succeed  in  making  arrange- 
ments for  the  extension  of  the  canal  beyond  Canal  Creek,  and  finally 
sold  out  to  Messrs.  Charles  Crocker  and  C.  II.  Huffman  in  1882.  The 
enlargement  of  the  canal  was  commenced  at  once.  Except  one  chan^ 
of  location  near  the  head  of  the  canal,  the  original  alignment  of  the 
old  ditch  was  all  too  carefully  adhered  to.  In  making  the  enlargement 
to  a  bed  width  of  60  feet,  the  material  handled,  including  original 
levees  and  spoil  banks,  was  fully  as  great  as  it  would  have  been  on  a 
new  route  adapted  to  the  increased  canal  dimensions,  and  it  is  ques- 
tionable whether  a  complete  change  of  alignment  for  some  of  the  canal 
sections  would  not  have  been  advisable.  The  tunnel,  too,  was  enlarged 
to  a  width  of  22  feet,  while  it  might  well  have  served  for  many  years 
without  enlargement. 

Near  its  head  the  new  canal  was  made  80  feet  wide  on  the  bottom. 
It  was  planned  to  have  a  depth  of  10  feet  throughout.  Its  extension 
beyond  Canal  Creek  was  rapidly  pushed.  The  creek  channel  was 
enlarged,  aud  for  about  a  mile  became  a  see.Uo\i  of  the  canal.    From 
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lat  point  the  inain  oanal  was  given  a  more  sontherly  conrae^  sldrt- 
ig  the  western  base  of  a  number  of  foothill  spurs  and  finally  pene- 
rating  one  at  a  point  about  8  miles  north  of  Merced,  in  a  timber-lined 
innel  20  feet  wide,  13  feet  high,  and  2,100  feet  long,  with  a  total  fUl 
f  about  5  feet.  Tunnel  frames  are  constructed  of  timbers,  12  by  14 
iches,  4  feet  apart.  Lagging  and  flooring  are  3  inches  thick,  all 
ddwood.  Tunnel  lining  required  over  1,000,000  feet  of  timber,  and  it 
lone  is  said  to  have  cost  about  $30,000.  It  is  extremely  doubtftd 
whether  the  reduction  of  a  few  miles  in  the  length  of  the  canal  could 
Lstify  its  construction,  even  if  it  had  been  found  to  require  no  lining. 
lie  total  cost  of  the  tunnel  was  about  $70,000.  Work  on  it  progressed 
ight  and  day,  and  it  was  completed  in  about  six  months.    (See  PL  YIL) 

About  6  miles  below  the  tunnel  just  described,  and  about  12  miles 
y  canal  from  Canal  Greek,  the  canal  delivers  its  water  into  a  reser- 
oir,  the  primary  purpose  of  which  is  to  afford  a  reliable  supply  of 
rater  to  the  city  of  Merced,  lying  about  6  miles  farther  to  the  south- 
rest  This  reservoir  has  a  surface  area  of  about  600  acres.  It  lies 
etween  two  low  foothiU  spurs,  the  gap  between  which  was  closed  by 
leans  of  an  earth  dam  having  a  crest  length  of  2,200  feet  and  a  maxi- 
imn  height  of  50  feet.  The  dam  rests  on  a  very  firm  foundation  of 
emented  gravel,  into  which  a  wide,  deep  puddle  trench  was  cut.  Much 
f  the  material  of  which  it  is  constructed  had  to  be  loosened  by  blast- 
ag.  All  material  was  wet  when  put  into  place,  and  was  firmly  tram- 
led  by  horses.  There  was  enough  clay  in  the  material  used  throughout 
be  structure  to  make  it  a  very  compact  bank. 

A  masonry  conduit,  brick  laid  in  cement  mortar,  has  been  carried 
arough  the  natural  foundation  under  the  dam,  and  in  this  the  delivery 
tpe  and  the  sluice  pipe  have  been  placed.  (See  PL  IX.)  The  main  canal 
i  continued  southward,  or  rather  southeastward,  from  the  reservoir  on 
continuation  of  the  grade  line  entering  the  reservoir  from  the  north, 
his  arrangement  cuts  the  canal  extension  out  of  a  supply  when  the 
»ervoir  is  not  full.  Water  was  turned  into  the  reservoir  through  the 
)mpleted  main  canal  on  February  1, 1888. 

The  diversion  from  the  river  is  made  at  a  point  where  Merced  Biver 
aves  the  base  of  a  vertical  cliff  which  rises  to  the  south.  The  canal 
Bad  gate  or  regulator  is  constructed  between  two  rock-fiUed  timber 
lers  or  bulkheads,  of  which  the  southernmost  rests  against  the  foot 
f  this  cliff.  The  regulator  has  a  width  of  80  feet,  divided  into  a  num- 
er  of  small  spaces  between  vertical  XK)sts,  all  of  which  are  controlled 
Y  means  of  vertically  sliding  gates.  (See  PI.  YI.)  From  this  gate  a 
mber  dam,  raising  the  water  surface  about  8  feet,  extends,  with  a 
road  downstream  sweep,  across  the  river  to  a  connection  with  the  bot- 
3in  land  on  the  north  side  of  the  river.  (See  PI.  V.)  The  dam  proper 
Bstson  a  timber  platform  or  sill,  which,  extending  downstream  10  or  12 
eet  below  the  lower  face  of  the  dam,  forms  an  apron,  on  wli\c\i  Wi^on^- 
ailing  water  is  received.  Considerable  trouble  has  been  experV^ii^^n^  m 
pairing  cats  wbiob  tiie  river  baa  made  through  the  bottomland.^  «^co^Qji<\ 
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Bereuda-Gbowchills  tract  owDed  by  the  Sharon  estate.  The  dam 
)ropo8ed  18  to  be  built  of  nDcoarsed  rabble.  It  is  to  have  a  height 
00  feet  and  vill  store  42,400  acre-feet  of  water.' 

UERCED  BITER. 
HYDROGRAPHY. 

lerced  lUver  is  to  be  olasBed  among  the  principal  BtreamB  which  flov 
m  the  western  slope  of  the  Sierra  Nevada  into  San  Joaquin  Valley, 
laa  a  perennial  flow,  its  low-water  discharge  being  about  the  same 
that  of  Tuolumne,  Stanislaus,  and  Mokelumiie  rivers,  nearly  200 
and-feet.  The  river  has  a  high  mountain  and  foothill  watershed  of 
16  sqaare  miles.  Its  bed  where  it  eaters  the  valley  is  considerably 
)resGed  below  the  general  surface  of  the  plain.  It  is  flanked  by  low 
lADi  lands,  which  extend  with  irregular  width  to  the  base  of  t^e 
iffs  rising  to  the  higher  land  of  the  main  valley.  The  bottom  lands 
a  Snelling  expand  to  a  width  of  several  miles,  forming  a  secondary 
lley  of  no  small  importance.  Westward  fh>m  Livingston  the  main 
lin  gradually  dropa  to  the  level  of  the  river  lauds,  and  long  before  a 
iction  with  San  Joaquin  Biver  is  eflfected  the  Merced  is  flanked  by 
ge  areas  subject  to  periodical  inundation. 

Tbe  flow  of  the  river  approximated  by  the  State  engineer  for  the 
as  1878  to  1884  indicates  an  average  monthly  rate  of  1,600  seoond- 
t  for  February,  over  1,700  second-feet  for  March,  3,000  to  6,000 
ond-feet  from  April  to  June,  1,900  Becond-feet  in  July,  400  to  600 
oQd-feet  iu  August,  December,  and  January,  and  a  low-water  flow  of 
rat  200  second-feet  during  the  mouths  of  September,  October,  and 
vember.' 

liese  figures,  indicating  as  they  do  a  very  considerable  flow  in  the 
ing  and  early  summer,  show  the  importance  of  this  stream  as  a  pos- 
le  source  of  water  supply  for  large  irrigation  canals.  Although  the 
Be  of  thia  stream  for  irrigation  has  long  been  recognized,  as  well  as 
t  of  the  other  fivers  of  tbe  saiue  dass — Ibii  Tuoluuuie,  Stiiinslaua, 
Hokelumue — the  i;onstructioii  of  inijiiitroii  works  on  a  large  scale 
Wgressed  but  slowly.  This  is  due,  first,  to  the  fact  that  the  posi- 
I  these  streams,  depressed  a?  they  are  from  4U  to  SO  feet  below 
■al  sarfiice  of  the  ea^t-i^ide  iilain,  makes  a  diversiou  of  water 
e  of  thiA  plain  very  oxpensive;  and,  Reeomlly,  to 
oommaaded  are  sufficiently  favored  with  natn- 
^le,  in  n  measure  at  least,  for 

ih  carries  water  out  upon  the 
Merced  or  Crocker  Huffman 
iparatively  small  ditches  in 
lands. 

■Thirteenth  Ann.  KcpI.  U.  B.  Oeol.  Sarttj, 
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6  miles  north  of  Merced.  These  lands  were  sold  to  a  colony  of  Hol- 
landers, who  failed  to  achieve  the  results  anticipated.  They  experienced 
great  difficulty  in  preparing  and  cultivating  the  shallow,  coarse, 
gravelly,  hogwallow  soil,  which,  unlike  the  black  soil  of  the  Bear 
Creek  country  nearer  Merced,  or  the  sandy  loams  of  Atwater  and 
Li\ingston,  had  before  canal  construction  been  considered  worthless, 
except  for  grazing  purposes.  The  efforts  of  the  colonists  proved 
anavailing,  and  after  a  time  it  was  realized  that  the  cultivation  of  the 
selected  tract  in  small  areas  of  fruits,  truck  gardens,  and  the  like, 
could  not  be  made  profitable,  and  the  colony  project  was  abandoned. 

This  unsatisfactory  experience,  together  with  the  general  business 
depression  of  the  last  few  years,  will  account  in  large  measure  for  the 
comparatively  small  demand  that  has  been  made  for  water  from  the 
Merced  Canal.  The  area  actually  irrigated  in  a  season  has  probably 
not  exceede<l  12,000  acres. 

MEBCED  RIVER  BOTTOM   CANALS. 

The  bottom  lands  flanking  Merced  Biver,  extending  downstream 
from  Merced  Falls  to  near  Livingston,  are  in  large  part  irrigated  by  a 
number  of  small  ditches,  chiefly  interesting  from  the  fact  that  some  of 
them  are  among  the  oldest  irrigation  works  in  San  Joaquin  Valley. 

Merced  Falls  mills. — Power  is  supplied  to  a  flour  mill  and  to  a  woolen 
mOl  at  Merced  Falls  by  water  from  Merced  River,  which  there  crosses 
a  ledge  of  slate.  The  natural  fall  of  the  rapids  at  that  point  is 
increased  by  means  of  a  light  dam,  about  800  feet  long,  which  follows 
the  crest  line  of  the  slate  reef  from  bank  to  bank.  This  dam  is  of  the 
hghtest  possible  type,  being  constructed  of  a  series  of  inclined  timbers, 
usually  4  by  6  inches,  loosely  resting  upon  the  rock  and  supported 
from  below  by  means  of  shores,  irregularly  spaced  according  to  facility 
of  sapi)ort  afforded  by  the  uneven  surface  of  the  rock.  The  spaces 
between  timbers  are  closed  with  1-iuch  boards.  The  maximum  height 
of  the  structure  is  about  8  feet.  Power  has  been  developed  at  the  falls 
since  about  1856. 

Merced  Falls  ]>itch. — The  water  from  this  ditch  is  taken  from  the 
north  side  of  Merced  Eiver  above  the  dam  at  Merced  Falls,  but  the 
rights  of  this  ditch  are  subject  to  the  prior  rights  of  the  mills.  The 
ditch  was  constructed  in  1857  and  has  been  in  use  to  some  extent  ever 
since.  It  is  about  2  miles  long,  4^  feet  wide  on  the  bottom,  1^  feet 
deep,  ai»d  has  a  fall  of  about  2  feet  to  the  mile.  The  area  irrigated  by 
it  is  300  to  400  acres.  Like  all  the  ditches  in  Merced  Bottoms,  it  is  a 
private  ditch,  supplying  water  only  to  lands  of  its  owners. 

Murray  Mill  Ditch. — ^This  is  another  small  north-side  ditch,  which  has 
its  hea<l  about  IJ  miles  below  Merced  Falls.  A  low  dam  of  cobbles  and 
bnisb  is  annually  thrown  across  the  river  to  force  water  into  the  ditch, 
which  is  about  3  mUes  long.  The  ditch  has  a  width  of  about  10  feet, 
csLTTying  water  1  to  1 J  feet  deep,  and  supplies  water  to  about  100  acres 
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of  land.  It  also  ftimishes  power  for  a  Bmall  gristmill  located  abom 
mile  below  its  bead.  The  ditch  was  constmctcd  aboat  1858,  in  whi 
year  rights  of  way  for  it  were  secured,  but  it  fell  into  disuse  and  i 
reconstructed  or  enlarged  in  1862.  The  dimensions  originally  intend 
and  which  were  probably  given  the  earlier  ditch,  were  described  as  i 
lows:  5  feet  wide  on  bottom,  7  feet  on  top,  and  deep  enough  to  oirr, 
feet  of  water. 

Snelling  Ditch. — The  Snelling  Ditch  was  constructed  in  I860,  or  ab< 
that  time,  for  the  irrigation  of  lands  near  Snelling.  A  company  ^ 
formed  composed  of  interested  landowners,  and  ownership  in  the  dii 
was  represented  by  shares  of  stock.  The  head  of  the  ditch  is  on  i 
north  side  of  the  river,  about  2  miles  above  Snelling,  which  was  at  1 
time  of  the  ditch  construction  a  prosperous  town  and  the  first  com 
seat  of  Merced  County.  A  temporary  dam  of  cobbles  and  brush 
annually  constructed  at  the  head  of  the  ditch.  The  ditch  is  abon 
miles  long,  6  feet  wide  on  the  bottom,  and  carries  water  from  1  to  2  f 
in  depth  on  a  grade  of  about  2  feet  to  the  mile.  The  irrigation  is  a 
fined  principally  to  orchards,  vegetables,  and  alfalfa,  Ohinese  being  1 
renters  of  most  of  the  land  irrigated. 

Montgomery  <&  Anderson  Ditch. — ^This  is  another  old-time  ditch 
small  capacity.  Its  head  is  on  the  north  side  of  Merced  Eiver,  at  t 
ford,  about  a  mile  above  Snelling.  It  is  about  1^  miles  long,  and  %i 
plies  water  to  a  few  acres  of  alfalfa,  orchard,  and  gardens  near  Suellii 
Its  bed  width  is  only  about  4  feet,  and  the  depth  of  water  carried 
about  1  foot. 

IngaUhe  Slough. — This  is  a  natural  high-water  channel,  which  brea 
out  through  the  north  bank  of  Merced  River  just  above  Snelling. 
has  a  westerly  course  along  or  near  the  northern  margin  of  the  bottc 
lands  for  about  8  miles,  and  supplies  water  to  several  small  ditches,  uoi 
bly  the  Euddle  ditches,  besides  wetting  considerable  areas  by  iiifilti 
tion  of  water  from  the  slough  iuto  the  porous  subsoils.  A  barrier  h 
been  erected  across  the  head  of  the  slough,  and  in  this  a  regulating  gs 
is  maintained. 

Scott  Ditch. — The  head  of  this  ditch  is  on  the  north  side  of  Merc 
Eiver,  about  a  mile  below  Snelling.  It  was  constructed  in  1857,  hdn 
bottom  width  of  about  3  feet,  and  is  about  2  miles  long. 

Dean  Ditch. — This  is  still  anoilier  small  ditch,  on  the  north  side  of  1 
river.  It  takes  water  about  IJ  miles  below  Snelling,  is  about  3  rai 
long,  5  feet  wide  on  the  bottom,  and  1  to  2  feet  deep.  Some  of  its  wa 
is  dropped  into  Hopeton  Slough. 

Old  River. — This  is  an  old  channel  about  3  miles  below  Snelli 
During  the  freshets  of  1861-62  Merced  Eiver  cut  a  new  channel  n 
the  southern  margin  of  its  bottom  lands,  abandoning  about  3  to  4  m: 
of  its  old  channel.  This  is  now  known  as  Old  Eiver,  and  a  cut ! 
been  made  at  its  head  to  increase  its  flow  and  to  make  it  serve  a 
source  of  supply  for  the  irrigation  of  a  number  of  farms.    A  little  o 


r.i  i»rrcnaxB  tbom  mbbced  bivxb.  39 


nileB  below  its  liaad  water  is  diverted  flx>m  it  into  the  Sillman  & 
iddle  Ditch,  in  which  it  is  carried  westerly  about  3  miles.  This  ditch 
18  a  bed  width  of  7  feet,  and  carries  water  1  to  2  feet  deep.  It  has  a 
Q  of  about  7  feet  to  the  mile.  Half  a  mile  below  the  head  of  the  SUl- 
an  &  Buddie  Ditch  is  the  Means  or  Montgomery  Ditch,  which  irrigates 
few  acres  of  land  lying  between  Old  Biver  and  the  present  channel  of 
erced  Biver. 

Feldhaus  &  Reed  Ditch. — ^This  is  a  south-side  ditch,  having  its  head 
N>ut  2  miles  above  Snelling,  just  below  the  head  of  the  Snelling  Ditch, 

is  between  2  and  3  miles  long,  and  supplies  water  for  the  irrigation 
'  several  hundred  acres  of  bottom  land  on  the  south  side  of  the  river, 
iposite  Snelling.  The  ditch  penetrates  the  point  of  a  hill  in  a  tunnel 
x>ut  400  feet  long,  3  feet  wide,  and  5^  feet  high.  The  ditch  was  con- 
ducted in  1865,  and  was  made  6  feet  wide  on  the  bottom,  1^  feet  deep, 
id  has  a  fall  of  nearly  5  feet  to  the  mile.  All  parties  interested  in  this 
itch  contributed  toward  the  construction  of  that  part  of  it  located  above 
le  point  where  it  leaves  the  laud  of  each,  in  proportion  to  individual 
iterests.  The  expense  of  maintenance  is  apportioned  in  the  same  way. 
o  water  is  sold. 

Hamlin  or  Millrace  Ditch, — Water  is  diverted  from  the  south  side  of 
[erced  Biver  into  this  ditoh  about  a  mile  above  Snelling.  It  has  a 
3urse  parallel  with  the  lower  portion  of  the  Feldhaus  &  Beed  Ditch, 
nt  extends  beyond  it,  being  about  2^  miles  long.  It  is  7  feet  wide  on 
[)e  bottom,  carries  nearly  2  feet  of  water,  and  has  a  fall  of  between  4 
nd  5  feet  to  the  mile.  The  ditch  was  constructed  for  irrigation  pur- 
()ses.  Its  owners  were  subsequently  interested  in  the  erection  of  the 
[erced  flour  mill,  and  the  ditch  became  a  part  of  the  mill  property, 
ome  concessions  to  the  use  of  its  water  were  made  for  right-of-way 
rivileges.  Irrigators  use  the  waters  of  the  ditch  on  Sundays,  at  night, 
nd  at  other  times  when  the  mill  is  not  running.  Several  hundred 
cres  of  alfalfa  and  orchard  are  dependent  on  it  for  a  water  supply. 

Griffith  dt  Shaver  Ditch, — This  is  a  ditch  on  the  south  side  of  Merced 
biver,  about  10  miles  by  river  below  Snelling.  It  is  a  small  ditch, 
bout  2^  miles  long  and  3  to  4  feet  wide.  It  has  been  poorly  maintained, 
nd  has  been  out  of  service  at  various  times. 

Other  small  ditches,  besides  those  enumerated,  have  been  in  service  in 
lerced  Bottoms;  but  it  is  impossible  to  obtain  full  and  accurate  data 
elating  to  them  or  to  many  of  those  mentioned,  for  the  reason  that 
fficial  records  disclose  nothing  more,  as  a  rale,  thau^  a  claim  to  water 
ntedating  ditch  construction  or  possibly  a  right-of-way  grant,  and  all 
ther  facts  relating  to  the  history  of  irrigation  must  be  compiled  from 
he  recollections  of  the  oldest  inhabitants. 

METHODS  OF  WATER  DIVERSION  AND  USE. 

Except  in  the  case  of  the  Crocker-Huffman  Canal  and  the  Merced 
?all8  Ditch,  the  diversion  of  water  from  Merced  Biver  is  acconiQ\ia\i^ 
>y  means  of  temporary  dams  constructed  of  brush  and  cobble.    T\ifi»^ 
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are,  as  a  rule,  renewed  after  the  high  waters  of  each  seasoiiy  flioq^ 
occasionally  they  serve  through  several  years.  The  inflow  of  wite 
into  the  ditches  is  generally  regulated  by  means  of  primitive  woota 
gates.  In  some  cases  overfalls  or  escape  ways  near  the  heads  of  tli 
ditches  redace  the  amount  of  water  to  ditch  capacity. 

Before  the  flood  year  of  1861-62  Merced  Biver  had  a  well-defloed 
channel,  with  high  banks,  from  Merced  Falls  to  near  Livingston.  Ih  i 
high  water  of  that  year,  however,  washed  away  large  tracts  of  the 
alluvial  soil  of  the  bottoms,  leaving  in  their  stead  great  cobble  beds;  it 
caused  a  general  silting  up  and  widening  of  the  river  channel  andi 
consequent  rise  of  the  plane  of  the  water  surface,  as  well  in  the  ri?er 
as  in  the  adjacent  soils  of  the  bottom  lands.  Since  that  time  it  hii 
been  an  easy  matter  to  accomplish  a  diversion  of  water  for  use  on  the 
bottom  lands  of  the  river. 

On  these  lands  the  crops  generally  irrigated  are  fruitB,  grapes,  hopB, 
alfalfa,  and  vegetables.  Many  of  the  orchards  are  not  well  cared  for, 
being  leased  to  Chinese  from  year  to  year.  Alfalfa  is  irrigated  by  flood> 
ing  in  small  checks;  orchards  and  vineyards  in  furrows.  Irrigations 
are  frequent.  They  commence  with  the  cessation  of  rains  and  continne 
at  intervals  of  three  or  four  weeks  for  orchards,  vineyards,  etc,  until 
their  product  is  matured.  Each  new  growth  of  alfalfa  receives  at  least 
one  wetting.  Ground  in  which  grain  is  to  be  planted  is  sometimes  wet 
before  plowing.  To  some  extent  lauds  are  moistened  by  the  rise  of 
water  in  the  porous  subsoils,  caused  by  infiltration  from  the  irrigation 
ditches  and  water  courses.  The  ditches  are  owned  by  the  landowners, 
and  the  cost  of  water  from  each  is  a  proportional  part  of  the  cost  of 
maintaining  the  works.  Water  is  generally  used  in  turn  by  those 
irrigators  dependent  upon  the  same  ditch  for  their  water. 

TUOIiUlklNE   RIVEB. 
HYDROGRAPHY. 

The  description  written  for  Merced  River  applies  also  to  this  stream. 
Its  mountain  drainage  basin  is,  however,  somewhat  larger,  covering 
1,635  square  miles,  and  the  extent  of  its  bottom  lands  is  considerably 
less  than  those  of  Merced  River. 

Its  low-water  flow  at  the  mouth  of  its  canyon  above  Lagrange 
ordinarily  covers  the  period  August  to  December.  The  winter  rise 
of  the  stream,  due  to  rainfall  in  the  foothills  and  low  mount-ain  spur^ 
within  its  watershed  area,  is  immediately  followed  by  the  spring  rise, 
due  to  the  melting  of  snow  in  the  higher  mountains.  The  flow  of  the 
stream  gradually  increases  till  May  or  June,  and  falls  rapidly  in  the 
latter  part  of  June  and  in  July.  The  maximum  average  monthly  flow^ 
based  upon  the  approximations  of  the  State  engineer  department,  for 
the  six  years  1878  to  1884,  has  been  noted  at  4,500  second-feet  for  May.^ 

' PhyMtcal  Data  auil  SlatUtica,  W.  H.  ITall,  State  »'Ui2.inoor  ot  Ca\VtonAa,\«&ti,'v>^.V&\A'i*. 
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The  extensive  ft^shet  flow,  which  occurs  in  winter,  when  warm  rains 
Ml  upon  snow,  may  reach  120,000  second-feet. 

There  has  been  but  little  use  made  of  water  from  this  stream  for  irri- 
gation, but  works  on  a  large  scale  have  been  commenced  which  are 
quite  in  keeping  with  its  importance  as  a  source  of  supply. 

Two  gaging  stations  have  been  maintained  on  this  river  by  the 
Fnited  States  Geological  Survey,  one  at  Lagrange,  near  where  the 
river  issues  from  the  foothills,  and  the  other  at  Modesto,  farther  down 
the  valley.'  Gage  readings  at  the  lower  station  have  been  maintained 
Iqr  the  Southern  Pacific  Company  for  a  number  of  years,  and  an 
attempt  was  made  to  rate  the  station,  but  owing  to  its  proximity  to 
Ban  Joaquin  Biver,  whose  back  flow  in  times  of  high  water  affected  the 
height  at  Modesto,  the  work  was  not  so  satisfactory  as  it  might  be. 

For  this  reason  the  other  station  at  Lagrange  was  established  August 
90, 18d5.  Its  location  is  at  the  highway  bridge  in  the  town.  The  fol* 
lowmg  facts  in  regard  to  the  discharge  of  the  river  are  brought  out: 

At  Modesto : 

1895.  Maxininm  dischaTge,  Febmary,  19,650  second-feet;  niinimam,  October,  120 
Mond-feet ;  average  for  the  year,  3,719  second-feet. 

1896.  Maziinam discharge,  April,  14,873 second-feet;  minimum, October,  ISOsecond- 
iset;  average  for  the  year,  2,927  second-feet. 

E$tiwiated  wu>ntkly  discharge  of  Tuolumne  River  at  Modesto,  California. 

[Drainage  area,  1,601  square  miles.] 


^ 


Month. 


Discharge  in  seoond-feet. 


Maximnm. 


1885. 
JflnUTT  •••••> ..... 

ftbroaiT 

Itoch... 

April 

Jnae 

July 

input 

Sapiember 

Ortober 

Ipvcmber 

Owember 

Tbejear 

1896. 

Jmmry 

Ftbmary 

Ksreh 

April 

Jane 

July 

Aagost 

SsfKember 

Oetober 

H<nrember 

DBeember 

The  vear 


16. 130 

19,6!>U 

10,785 

10,  012 

16,000 

12.530 

6,602 

1.650 

6,616 

200 

500 

730 


Minimam.  I   Mean. 


1,388 

4,828 

1. 322 

3,015 

1,710 

3,165 

3.255 

5,824 

8.097 

11,798 

5,016 

9.163 

1,550 

3,831 

285 

848 

200 

615 

120 

152 

210 

255 

180 

283 

Total  in 
acre-feet. 


296,900 

217, 430 

194,610 

346,  570 

725,400 

545,  110 

235.540 

52, 125 

30.600 

9,346 

14,985 

17, 405 


Rnn-off. 


Depth  in 
inchen. 


3.700 
2.720 
2.430 
4.330 
9.065 
6.815 
2.044 
0.652 
0.457 
0.117 
0.187 
0.217 


Second- 
feet  per 
sqnnre 
mile. 


3.220 
2.610 
2.110 
3.880 
7.870 
6.110 
2.554 
0.565 
0.410 
0.101 
0.170 
0.189 


19,650 


120 


3,719  ,    2,692,021         33.634 


13,686 

1,880 

11, 798 

14,873 

14.754 

14, 754 

8.735 

1,118 

2,918 

474 

7,802 

3,  .'>60 


240 

950 

1.006 

1.970  I 

2.  550 

6,990 

l,:i06 

300 

220 

180 

273 

516 


3,OhO 

189, 370 

2.37 

1, 1X2 

68.007 

0.86 

2. 725 

167,578 

2.10 

3,577 

212.828 

2,66 

5, 180 

318,  500 

3.98 

11,648 

693, 104 

7.87 

4, 121 

253,  408 

3.17 

r)75 

35,  392 

0.44 

574 

34, 191 

0.43 

224 

13,797 

0.17 

1,210 

72,  012 

0.90 

1, 028 

63,247 

0.79 

2.45 


2.05 
0.79 
1.82 
2.38 
3.45 
7.09 
2.75 
0.38 
0.38 
0.15 
0.81 
0.69 


14,873 


180 


2,  027  ,     2. 121. 434 


25.74 


1.90 


•Twelfth  Ann.  Rept.  U.S.  Geol.  Survey,  Part  ir,  1891,  p.  322;  Bull.  No.  131. 1805,  p.  83;  Bui.  No.  140, 
I8M,  pp.  298-304;  Eighteenth  Ann.  Kept.,  Part  1V^  1897,  pp.  378-385;  Water-Supply  and  Irrigation 
Paper  No.  11, 1897,  p.  90;  Water-Supply  aiid  Irrigation  Paper  No.  16, 1898,  pp.  188-189. 


42 

IRBIOATION   NEAK   MEBCED,  rALIFORNIA.                  t>a.m 

afcooo 

ia,ooo 

"% 

S'i 

s;; 

r,'. 

"A 

•'iiii 

,4. 

j. 

1 

.  ,J 

1 

1 

1 

1 

..uuii 

L  - 

- 

1 

i 

1 

1 

1 

, 

" 

i 

1 

9 

'6 

1 

3,000 

a.  000 

4,  ova 

S.000 

- 

■ 

: 

1 

1 

« 

I 

i 

1 

1 

L 

1 

y 

L 

r 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

L 

h 

. 

i. 

_ 

4 

■L 

L 

M 

Tia.  10— Dl*Dbarge  of  Tnolnn 


It  UnlHto,  Olifmlk,  IMt-sa. 


Stiimaled  monthly  dUcliarga  of  Taalnmne  Sirer  at  Lagrange,  CaHfomU. 


Diaclurge  in  Hcoodfeat. 

Itan^dT. 

UoDth. 

Mulmnm. 

M«M<. 

TdUIId 

■era- feet 

DeptbtD    fHtp« 

inobl*        iqu™ 

1«M. 

i.ooi 

78 
112 

183 
lU 

o.me 

H.BU 

0.103 

Q.sae 

lew 

,1-S 

TiwO 
9!»20 

5S 

l.«I0 

350 

B.710 

3.«a) 

ISO 

1.080 

227 

7,BU2 

■■s 

1,13S 

U2.«. 

7« 

M 

le? 

208 

i 

a 
21 

1 

aw 

3«« 

: 

32 
Oft 

^f 

^■^i 

11, 7M 

7S  ,       2.W2 

]  LAOBANOB  DITCa.  43 


Dl«hUE.lB««>Dd.f«.. 

ToUlla 

EoB-ir. 

Vsoth. 

Hun. 

w." 

Seoood. 

1W7. 

3,S3a 

11,200 

10.800 

!!:S 

B.aou 

IW 

000 

£500 

a!  800 

1!.S09 

*m 

TO 

M 
IK 

7W 

287.  =:w 

MT.KM 
too  W! 

u,8;a 

11 

sijs 

0.81 

t« 

S.78 

3,  MM 

a.iM.trjT 

Sl>,» 

.N        *£b     «.»c 

T  1  ;    M 

■    '  g   1  1    IT'n'  1 !  T 

"    -^.^^ 

5E-_  It  -  j-Zp  jC=b=- -.  1 

U                    ,9:>S 

■t 

iM 

T 

__—              

■, 

It 

1  kr^l 

i  H^B        

liii 

^^^^ 

1            •     ^n-wiipi'      I 

Fia.ll,— DiKhnrgeorTuoloniiia  Aiverat  Lugriuige,  CitUroniiK,  lBS^-06. 

LkgraDgo: 

UftziiDum  dischaTgo,  March,  11,798  sccond-fpet;  miDidiiiiD,  Ootober,  75  aeo- 
t;  aT«rage  for  tbe  jear,  2,342  second-feet. 

Hailmnm  discbaTfce,  Md;  25,  14,700  soi'oad-feet ;  niiDliiiiiai,  Sapteml>or  21,  28 
fe«t;  average  for  tbe  year,  3,3G4  aecond-feet. 

CANA1.S  AND  DITCHES. 

range  Ditch. — In  1871  this  ditch  was  cod strac ted  by  the  Lagrange 
and  Hydraulic  Miuing  Gonipiiny,  from  the  upper  eud  of  Indian 
>  Preach  Hill,  at  Lagrauge,  for  miuiug  purposes,  aud  Las  been  in 
knt  use,  supplying  water  to  the  gravel  taiues  near  Lagrange  and 
»  at  Patricksville,  about  4  miles  southwest  from  Lagrauge.    Very 
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little  of  its  water  has  been  used  for  any  other  purpose.  The  ditch  mif 
ultimately,  however,  come  into  service  as  an  irrigation  ditch  as  the 
demand  for  water  for  hydraulic  mining  decreases.  The  ditch  is canie 
under  the  gravel  deposit  of  Indian  Bar  in  a  box  culvert;  thenoefbDon 
the  south  side  canyon  wall  for  14  miles,  being  always  within  one-bilf  ub 
of  the  river,  and  reaching  the  vicinity  of  Lagrange  at  an  elevitioBrf 
250  to  300  feet  above  the  water  surface  of  the  river.  There  are  manj 
and  long  flumes  in  use  where  the  canyon  walls  are  too  steep  andvoeky 
to  permit  of  oi)enditch  construction.  The  ditch  has  an  ayerage  bottom 
width  of  al)oiit  G  feet  and  carries  water  3  to  3^  feet  deep.  Ita  gradeis 
7  to  8  feet  to  the  mile  and  its  capacity  50  to  GO  second-feet.  Theeoitrf 
this  ditch  was  about  $300,000.  The  total  expenditure  on  the  ditek 
property  is,  however,  reported  to  have  been  $800,000.  Thrannaalfifwit 
of  repair  and  maintenance  is  $3,000  to  $4,000.  The  ditch  dnpa  its 
water  into  the  Patricksville  Reservoir  about  3  miles  south  of  Lagiangei 
The  reservoir  is  formed  by  means  of  two  earth  dams.  It  haa  ft  aorCMe 
area  of  132  acres  and  a  capacity  of  about  57,500,000  cable  feet^orlfS20 
acre-feet,  its  average  depth  being  about  10  feet. 

Wheaton  Ditch, — ^This  ditch  has  gone  out  of  service.  It  waa  aamaD 
ditch  on  the  south  side  of  the  river,  having  its  head  at  the  Wheaton 
Dam,  which  was  maintained  in  the  mouth  of  the  Tuolumne  Biver  Can- 
yon, about  1^  miles  above  Lagrange,  until  replaced  in  1891-1893  by  the 
massive  masonry  structure  of  the  Turlock  and  Modesto  irrigation  dis- 
tricts. Several  water  companies  were  esirly  interested  in  diverting 
water  for  mining  puqioses  from  the  river  at  or  near  the  Wheaton  Dam 
site,  just  above  French  Bar.  Of  these,  the  Franklin  Water  CompaDy 
was  incorporated  in  18/)4.  It  and  the  French  Bar  Mining  Compaof 
both  sold  out  to  the  Stanislaus  County  Water  Company  in  1865.  The 
purpose  of  the  new  company  was  to  supply  water  to  Lagrange  and 
vicinity  by  means  of  ditches  on  each  side  of  the  river.  Water  was 
diverted  from  the  river  on  the  south  side  at  a  point  about  500  Ibet  above 
the  falls  or  rapids,  the  latter  being  the  point  subsequently  aeleoted  as 
the  site  for  the  dam.  This  water  company  sold  oat  to  the  Taohunne 
Water  Company  in  1871.  The  latter  company  at  once  conatmeted  a 
dam,  a  substantial  cribwork  structure  of  sawed  lumber.  Ita  hdgbt 
ranged  from  10  to  .SO  feet.  Us  lower  face  was  nearly  vertical.  Its 
uj)stream  face  was  covered  with  a  timber  skin,  which  was  renewed  bnt 
once  during  the  entire  life  of  the  structure.  The  upstream  face  was  bat 
little  flatter  than  1  to  1.  The  crest  length  of  the  dam,  not  including 
the  overfall  wall  forming  the  outer  ditch  bank  at  its  head,  was  125  feet 
About  250,000  feet  of  lumber  were  used  in  its  construction.  It  is  reported 
to  have  cost  about  $24,()(K).  Beveral  years  after  the  construction  of  this 
(lam  the  entire  property  of  the  water  company  was  sold  to  Mr.  M.  A. 
Wheaton,  one  of  the  stockholders,  and  a  small  ditch  about  2  miles  long 
was  kept  in  service.  Us  duty  gradually  dwindled  to  the  irrigation  of 
a  few  acres  of  orchard  and  veg(»tablo  land  (not  (exceeding  50  acres]  iu 
^/je  n'ver  bottoms  Just  beJow  Lagrange. 
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tnge  Dam, — ^The  Btmotiiie  vhioh  replaced  tiie  Wheatoo  D&m  is 
If  known  as  the  Lagrange  Dam.  It  was  bailt  by  the  TorloiA 
deato  irrigation  dlstriote.  It  is  noteworthy  as  the  highest  over- 
a  ever  built  on  a  large  river.  For  the  IrrigatioD  of  the  Tnrlook 
on  dietrict,  on  the  aoath  side  of  Tuolumne  Biver,  which  was 
«d  in  1887,  it  was  necessary  to  construct  a  high-Une  canal.  A 
\m  at  or  near  the  Wheaton  Dam  sito  was  decided  apon.  After 
^liberation  the  Modesto  irrigatioo  district,  on  the  nortii  side  of 
'er,  determined  to  join  in  the  constroctioii  of  the  dam,  as  it 
ed  desirable  to  have  joint  control  of  the  divertiDg  worlu  with 
ler  disbrict  and  because  it  afforded  the  best  command  of  oanal 
westward  to  the  district  lands.    (See  Pis.  X  and  XI  and  fig.  13.) 


Fio.  ta.^Plui  of  LBgruEB  Dam. 

iDgineers  of  the  two  districts  were  required  to  prepare  plans  for 
ucture,  tcom  which  those  submitted  by  Mr.  Luther  Wagoner 
Lopted;  but  as  Mr.  Wagoner  soon  afterwards  resigned  bis  posi- 
eugineer  for  the  Modesto  district,  Mr.  E.  H.  Barton,  the  Turlock 
engineer,  was  placed  in  charge  of  constructiou.  The  dam  fi-om 
point  of  Its  foundation  surface  to  its  crest  line  has  a  height  of 
t.  It  raises  the  surface  of  the  river  100  feet.  It  is  arched 
km,  its  upstream  face  being  carved  to  a  radius  of  301  feet.  Its 
jDgth  from  the  retaining  wall  built  for  the  outside  hank  of  the 
o  canal  to  the  cliff  on  the  south  side  of  the  river  is  310  fiaet. 
1  foce  of  the  dam  is  veridical  trma.  its  top  down^»cd.fot  \^ 
9  to  the  foundation  snr&ce  it  lias  a  batter  ot  lm2ft.   TVa 
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top  edges  of  the  dam  are  rooDdod  oEf  toward  the  upstream  faoeni 
radias  of  3  feet;  toward  the  inclined  downstream  fiu;e  on  a 
17J  feet.  The  level  portion  of  the  top  has  a  width  of  6  feet  At8M 
below  its  crest  line  the  dam  i»  24.13  feet  tliick;  at  (>9  feet  bdowfttlo^ 
it  is  52  feet  thick;  at  S9  feet  it  is  m.2r>  feet;  and  at  97  feet,  tltfl  tofi 
the  foandation  masonry,  it  is  84  feet  thick.  The  estreme  bottom  »idfi 
at  the  highest  point  of  the  diim  is  90  feet.  The  downstream  &ce  ba 
a  pitch  of  1  on  j  (about  25"^)  down  to  70  feet  below  the  crest  ififgii! 
of  the  structure,  where  a  coniponnd  curve  64  and  2.'i  feet 
mences,  which  caixies  the  face  to  its  intersection  with  the  lAm- 
stream  face  of  tbe  foundation  masonry,  about  3  feet  above 


From  this  line  down  to  bed  rock  the  masonry  has  a  batter  of  1  in  7.  Tbu  ' 
dam  thus  alTords  a  smooth  support  for  the  overfalling  waters,  whieb 
shoot  off  from  the  almost  horizontal  surface  at  the  terminatioii  of  tiie 
downstream  face  with  ^eat  force  against  the  river  below.  The  OTigistl 
design  contemplated  the  use  of  a  second  or  subsidiary  dam  below  tbe 
first,  to  create  a  pool  of  dead  water,  or  water  cashion,  against  which 
the  force  of  tbe  ovcrfalling  stream  might  be  expended,  bat  this  has  uot 
been  carried  out.  Aa  the  low-water  width  of  the  river — or  rather  its 
width  at  the  height  of  top  of  the  foundation — is  only  80  feet,  to 
be  compared  with  310,  the  crest  length  of  tbe  dam,  it  is  appar- 
ent that  daring  high  stages  of  the  river  there  raast  be  a  con- 
aiderable  crowding  of  the  water  from  bi>t\i  siAea  tawttxi  >i!bft  cft\i.\.«t  «S 


LAQRANQE  D*M. 
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le  streanu  What  effiaot  this  will  have  upon  the  solid  rook  walls  of 
le  canyon  is  not  yet  known;  but  if  these  show  any  tendency  to  break 
iray  on  crevice  and  cleavage  lines  recourse  will  be  had  to  a  reenforoe- 
lent  with  cement  mortar  and  concrete.  The  dam  is  constructed 
inmghoat  of  anconrsed  rubble  laid  in  cement  concrete.  The  cement 
Bed  in  the  structure  was  furnished  by  the  irrigation  districts.  The 
ork  of  stripping  and  cleaning  the  foundation  and  putting  masonry  in 
lace  was  all  covered  by  the  price  of  (10.39  x>er  cubic  yard  of  masonry, 
t  which  construction  was  contracted  for.  The  amount  of  masonry  in 
le  dam  is  about  39,500  cubic  yards.  Nearly  30,000  barrels  of  Port- 
ind  cement  were  used  in  its  construction.  The  total  cost  of  the  dam, 
ot  including  canal  head  works,  was  about  (550,000.  This  great  cost 
f  work  executed  under  comparatively  favorable  conditions  must  be 
scribed  largely  to  the  lack  of  active  competition  among  bidders  for 
le  work.  There  was  doubt  concerning  the  ability  of  the  two  districts 
)  meet  their  obligations  in  coin  at  the  time  of  the  letting,  because 
onds  were  not  seUing  readily  at  the  prescribed  limit  of  90  per  cent, 
Dd  the  contractors  were  compelled  to  make  arangements  to  receive  at 
iast  a  portion  of  their  pay  in  district  bonds.  During  construction  of 
le  foundation  masonry  in  1891  the  river  was  carried  past  the  work  in 
flume.  Two  openings  or  culverts  were  left  through  the  masonry  at 
le  elevation  of  low  water  and  one  about  10  feet  above  low  water, 
hese  were  4  feet  wide  and  6  feet  high,  and  easily  passed  the  low-water 
Dw  of  the  river  in  the  following  seasons.  The  two  lower  ones  were 
losed  when  the  masonry  had  reached  sufficient  heigth  to  force  the  full 
>w- water  flow  through  the  upper  culvert.  The  upper  culvert  remained 
pen  long  after  the  completion  of  the  dam.  It  was  closed  in  1896. 
?ater  went  over  the  top  of  the  finished  dam  for  the  first  time  on  the 
loniing  of  December  23, 1893. 

TUBLOCK  IBBiaATION  DISTBIOT. 

This  irrigation  district  was  organized  in  April,  1887,  under  favorable 
nspices.  There  was  but  little  opposition.  Mr.  George  Manuel  was 
lade  district  engineer  and  estimated  the  cost  of  the  necessary  works 
t  $467,545.  Bonds  were  issued  in  the  amount  of  (600,000,  and  when 
b  became  apparent  that  this  sum  would  not  cover  the  cost  of  the  works 
A  additional  issue  of  $600,000  was  made.  Pending  protracted  litiga- 
ion  and  the  negotiations  with  the  Modesto  irrigation  district  relating 
o  its  participation  in  the  construction  of  a  high  dam  above  Lagrange, 
he  work  on  the  main  canal  was  pushed  as  rapidly  as  possible;  but  it  is 
lot  even  yet  completed. 

This  district  lies  on  the  south  side  of  Tuolumne  Biver,  extending 
loath  ward  to  near  Merced  Biver  and  from  the  western  edge  of  the  Sierra 
iSeyada  foothills  westward  to  near  ISan  Joaquin  Biver.  It  has  an  area 
5f  176,210  acres,  of  which  about  30,000  are  in  Merced  Comvtj,  ^Ai^itY^^ 
remainder  in  Btanislaas  County.    The  land  in  the  diattict  la  g|^ii<^£^ii!^ 
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held  in  tracts  of  less  than  1,000  acres,  practically  all  of  which  are 
farms.    The  soil  is  generally  a  sandy  loam,  fertile  with  moisture, 
ducing  fair  crops  of  cereals  when  the  rainfall  reaches  10 
favorably  distributed  through  the  season;  bat  on  the  whole  theie 
been  little  profit  in  wheat  farming. 

Water  is  to  be  taken  from  above  the  Lagrange  Dam  by  a  tunnel 
feet  long,  12  feet  wide,  and  11  feet  high,  with  vertical  sides,  and 
radius  of  arch  of  6  feet.  It  was  originally  proposed  to  place  the 
lator  and  a  waste  gate  at  the  lower  end  of  this  tunnel,  but  this  i 
was  abandoned  and  a  regulating  gate  has  been  constructed  at  its  i 
For  over  a  mile  below  the  head-woiks  tunnel  the  canal  winds  along 
slaty  hillside.  The  canal  has  there  been  constructed  with  a  bed 
of  20  feet  and  a  proposed  water  depth  of  10  feet.  The  outside 
bank  is  constructed  of  dry-laid  rock  retaining  walls  with  day  pad 
core.  At  the  lower  end  of  this  hillside  work  the  canal  crosses  Snake 
Bavine,  which  was  closed  by  a  dam  and  up  which  the  canal  water  is 
be  turned  for  about  1,000  feet.  Tbe  earth  dam  has  been  washed  out, 
the  pond  which  it  was  to  form  is  to  be  replaced  by  a  flume.  TheaBi 
the  course  of  the  canal  leads  through  a  cut  about  800  feet  long,  mail 
by  the  hydraulic  process,  and  its  water  is  dropped  into  old  mining]^ 
in  which  it  is  held  for  a  distance  of  about  2,000  feet.  This  canal  seotifli 
is  followed  by  a  rock  cut  800  feet  long,  leading  into  Dry  Greek.  Ha 
channel  of  Dry  Creek  is  utilized  for  1^  miles,  and  this  creek  si 
the  canal  is  followed  by  a  flume.  In  its  course  farther  westward  tti 
canal  pierces  three  foothill  spurs  in  tunnels,  none  of  which  are  linei 
Below  the  last  of  these  tunnels  the  canal  crosses  a  gulch,  which  is  to 
be  closed  with  a  concrete  dam  40  feot  high,  and  the  canal  then  enten 
another  cut  3,300  feet  long.  It  will  cross  Peasley  Greek  in  a  flume  SI 
feet  wide  and  7  feet  deep. 

The  canal  below  Peasley  Greek  is  generally  45  feet  wide  on  the  bottoB 
and  7i  feet  deep,  and  has  a  fall  of  1  foot  to  the  mile;  but  dimensioni 
are  not  uniform,  being  varied  to  suit  the  character  of  material  into 
which  the  canal  is  cut.  The  canal  capacity  as  reported  by  the  distrifit 
engineer  is  1,500  second-feet.  Great  care  has  been  taken  to  keep  canal 
dimensions  uniform  and  to  bring  the  canal  bed  to  grade,  often  necesri* 
tating  the  taking  of  material  from  borrow  pits  at  the  outer  levee  baae^ 
thereby  increasing  the  ap])arent  height  of  canal  levees  and  greatif 
increasing  the  danger  of  breaks  in  these  embankments.  There  woold 
have  been  no  objection,  so  far  as  simple  inspection  discloses,  to  deepen- 
ing the  canal  below  grade  where  necessary  to  secure  mateiial,  and  the 
cause  for  adopting  the  above  type  of  cross  section  has  not  been  made 
apparent.  Drops  or  check  gates  have  been  constructed  where  material 
is  liable  to  erosion  and  the  natural  fall  exceeds  that  prescribed  for  the 
canal.  The  caniil  approaches  some  of  these  between  high  levees  and 
leaves  them  in  moderate  cut — a  questionable  arrangement.  It  might 
even  be  better  to  bring  the  canal  into  service  without  the  use  of  drops 
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A  to  place  these  later  where  leqnired.  The  main  canal  is  18  miles 
ig  and  will  snpply  water  to  five  principal  laterals,  which  are  to  have  an 
pr^^ate  length  of  80  miles.  These  are  to  be  30  feet  wide  on  the  bottom 
1 5  feet  deep,  and  are  to  have  an  effective  &11  of  2  feet  to  the  mile, 
her  branch  ditches  of  smaller  dimensions,  to  the  extent  of  180  miles 
iggr^ate  length,  are  also  to  be  constructed  by  the  district.  As  the 
ftce  of  the  district  is  very  smooth  and  the  fall  quite  uniform  firom 
rtlteast  to  southwest,  most  of  the  branch  canals  wiU  be  constructed 
land  lines  from  north  to  south  and  from  east  to  west.  It  is  under- 
od  that  a  contract  for  the  completion  of  this  entire  system  of  ditches, 
lading  the  main  canal,  has  been  let,  and  that  wock  Is  to  be  actively 
died  under  this  contract.* 

MODESTO  IRRIGATION  DISTRICT. 

kx>n  after  the  project  of  organizing  the  Turlock  district  had  taken 
inite  shape,  the  farmers  on  the  north  side  of  Tuolumne  Biver 
olved  upon  the  formation  of  a  second  district  to  be  dependent  on 
it  stream  for  its  water.  Although  considerable  opposition  was 
xmntered,  the  result  of  their  action  was  the  formation  of  the  Mo- 
ito  irrigation  district,  which  was  consummated  in  July,  1887.  The 
trict  extended  northward  from  Tuolumne  Biver  to  Stanislaus  Biver, 
1  from  the  foothiUs  westward  into  the  trough  of  the  valley  to  near 
A  Joaquin  Biver.  It  had  an  area  of  about  108,000  acres.  The  pre- 
inary  study  indicated  conclusively  that  the  expense  of  constructing 
anal  from  Tuolumne  Biver  to  command  the  entire  district  would  be 
^hibitory,  and  that  either  the  high  southeastern  portion  of  the 
ginal  district  must  be  excluded  or  that  water  must  be  taken  from 
uiislaus  Biver  at  an  estimated  cost  of  over  $700,000.  Before  further 
ps  were  taken  bonds  to  the  amount  of  $800,000  were  voted,  and  a 
luction  of  the  area  of  the  district  to  81,500  acres  soon  followed.  The 
gect  for  the  irrigation  of  the  district  lands  did  not  assume  its  final 
inite  shape  until  an  arrangement  was  entered  into  with  the  Turlock 
igation  district,  according  to  which  the  two  districts  were  to  unite 
constructing  a  great  diverting  dam  in  Tuolumne  Biver  about  1} 
lea  above  Lagrange,  and  agreed  to  contribute  equally  toward  itil 
latruction. 

rhe  canal  has  an  inlet  capacity  of  about  750  second-feet.  Now  hang- 
l  on  hillsides,  now  following  table-lands  or  mesas,  or  penetrating  low 
ors  of  the  foothills  in  tunnels,  it  reaches  a  point  near  Waterford, 
th  a  total  length  of  23  miles.  The  canal  regulator  or  head  gate  is 
place  and  main  canal  excavation  is  reported  finished,  but  other 
mctures  are  incomplete  or  wanting,  such  as  clieck  weirs,  fiumes  along 
Bep  hillsides  and  over  creeks  and  gulches,  and  road  bridges.  This, 
duding  one-half  the  cost  of  the  Lagrange  Dam,  has  been  accom- 


Wvr  further  deecription  of  this  cjuial,  Bee  American  irrigation  engineering,  "by  B..  "M^  "^Vl^amLX 
drteesth  Aiw.  Sept.  U.  8,  GeoL  Survey,  Part  III,  1893,  pp.  208,  232. 
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plished,  under  district  management,  with  an  expenditure,  exprened 
bonds  sold,  of  the  entire  first  issue  of  $800,000«    The  resalt  is 
more  satisfactory  than  in  many  other  of  the  irrigation  districts, 
district  is  not  yet  in  position  to  famish  water  to  any  of  its  lands ; 
cost  of  the  work  has  been  excessive,  owing  largely  to  the  an 
of  pay  ou  completion,  which  deterred  contractors  in  the  case  of 
all  district  work  in  this  and  other  irrigation  districts  from  making 
bids.    Several  years  ago  additional  bonds  to  the  amount  of  $350,< 
were  voted  by  the  district,  but  these  are  to  be  withheld  from 
pending  final  settlement  of  matters  that  have  involved  the  district 
litigation.  lis*- 

The  surface  of  the  district  is  admirably  adapted  for  cultivation 
irrigation.  The  soils  are  sands  and  sandy  loams,  and  the  ground  has 
slope  from  east  to  west  of  5  to  10  feet  to  the  mile.  The  entire  areadi 
this  district,  as  well  as  of  the  Turlock  district,  was  originally  a  treft- 
less  plain.    For  many  years  past  it  has  been  a  vast  wheat  field. 

STAKISIiAUS  RIVER. 

HYDROGRAPHY. 

Stanislaus  River  is  of  the  same  type  as  the  Merced  and  the  Toot 
umne,  and  of  equal  rank  as  a  source  of  supply  for  large  irrigation 
canals.  Its  mountain  watershed  has  an  area  of  1,051  square  miles,  tiii^ 
run-off  from  which  is  ordinarily  greatest  in  May,  when  snows  are  mettr 
ing.  The  stream  is  at  a  low  stage  from  August  to  December.  Doriig 
the  winter  months  its  flow  is  variable,  being  greatly  influenced  by  raift- 
fall  and  temperature.  Its  mean  monthly  discharge  increases  rapidly 
from  January  to  April.  From  April  to  June  is  the  period  of  its  spring 
rise.  The  low- water  flow  is  ordinarily  from  100  to  200  second-feet,  and 
the  mean  flow  during  the  spring  rise  is  3,000  to  6,000  second-feet'  At 
Oakdale,  where  the  river  enters  San  Joaquin  Valley,  its  bed  is  depressed 
about  80  feet  below  the  general  surface  of  the  main  valley  plain.  The 
river's  low  banks  are  flanked  on  either  side  by  narrow  strips  of  bottom 
land,  which  extend  from  river  to  base  of  the  slope  rising  to  the  higber 
level  of  the  upland.  For  over  40  miles  below  Oakdale  the  river  surftee 
is  thus  depressed  below  the  level  of  the  valley  lands,  but  the  differeoee 
in  level  gradually  decreases,  and  near  the  trough  of  the  valley  the  bot- 
tom lands  of  the  river  are  merged  into  the  submersible  portion  of  the 
east-side  plain. 

Irrigation  from  this  river  has  been  confined  to  the  foothill  region 
until  the  enlargement  and  extension  of  an  old  ditch  within  the  last  two 
years  has  made  water  available  on  the  north  side  upland. 

The  United  States  Geological  Survey  has  maintained  a  gaging  sta- 
tion on  this  river  since  June,  1895.     It  is  located  at  the  highway  bridge 

1  See  Physical  DaU  and  StatigUca,  W.  H.  Hall,  State  engineer  of  California,  1886,  pp.  428, 476L 
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frjvl  above  the  Inidge  of  the  Soathern  Paeifio  Company  at  the  town  of 
le.» 
The  foUowing  facts  are  bronght  oat  from  this  record : 

Tlie  lo w-wstor  flow  for  1896^  occnrring  in  August,  September,  And  October,  waa  145 

>leet. 
18B6.  MaTiiniifn  dieduffge,  May,  13,060  aeeond-feet ;  mlnimom,  Jannary,  150  seoond- 
>;  a▼en^se  for  the  year,  1,935  second-feet. 

1897.  Mazimnm  discharge^  Febmary  4, 10,580  second-feet ;  minimnm,  September 
id  October,  140  second-leet;  average  for  the  year,  1,835  second-feet. 

E9iiwuUed  monlJUy  diiekarge  of  SUinitlauM  River  at  Oakdale,  Cal^formUi, 

[Drainage  area,  1, 061  M|iiare  miles.] 


Month. 


189&. 


Jbm 

Wy 

Aagntl.... 

Iq^Miber. 
OeUker.... 


1806. 


g: 


^ 


The  jear. 


Diacharge  in  aeeond-feet. 


Mai  linoML 


1B07. 


IbRh 

g. 


The  year. 


8,510 
8,843 
560 
8,161 
246 
178 
414 


6.066 

1,208 

12,000 

0,050 

18,050 

11,000 

8,156 

2.412 

062 

870 

4,514 

1,790 


13,060 


2,251 

10,580 

5,062 

9,284 

0,080 

3,974 

1,180 

230 

100 

250 

780 

1,516 


10,580 


Minimnin. 


8,842 
560 
145 
145 
145 
170 
146 


160 


604 

1,066 

2,200 

2.656 

470 

218 

252 

218 

252 

470 


150 


410 

1,264 

1.264 

1.880 

5.480 

860 

250 

170 

140 

140 

170 

210 


140 


Mean. 


6.686 
1.778 
830 
638 
176 
170 
196 


1,806 

782 

2,464 

3.274 

4,717 

6,541 

1,203 

385 

332 

280 

705 

681 


1,035 


600 

3,252 

1,015 

5,064 

7.324 

2,077 

582 

108 

152 

176 

255 

411 


1,835 


Ban-off. 


Total  in  |  Second- 

acze-feet.  |  Depth  in    feet  per 
inchea.      eqiiare 
mile. 


8S8.340 
100,330 
20,304 
37,070 
10,802 
10,651 
12,208 


U1.058 

45,038 

151,505 

104.870 

200.002 

380.247 

79.503 

23.703 

10. 761 

14,605 

41.068 

41,904 


1,403,344 


37.446 

180.607 

117, 750 

301,328 

450,338 

123,500 

35,786 

12, 175 

0.045 

10.822 

in, 174 

25,272 


1,319,333 


6l038 
1.060 


.677 
.103 
.100 
.218 


1.86 
0.80 
2.70 
3.48 
5.17 
6.97 
1.42 
0.42 
0.35 
0.26 
a  75 
0.75 


25.05 


0.67 
8.23 
2.10 
6.37 

ao4 

2.21 
0.63 
0.22 
0.16 
0.20 
0.27 
0.45 


23.55 


6,410 
1.602 
0.314 
0.607 
0.167 
0.170 
0.180 


1.72 
0.75 
8.85 
8.11 
4.57 
6.22 
1.23 
0.37 
0.32 
0.22 
0.67 
0.65 


1.85 


0.58 
3.10 
l.t{2 
4.81 
6.97 
1.98 
0.55 
0.10 
0.14 
0.17 
0.24 
0.39 


1.74 


1  Bon. IT.  S.Geol.  Survey  No.  140. 1896,  p.  305;  Eight<H»Dth  Ann.  Rept.,  Part  IV,  1897,  p.  371;  Water- 
l«Pply  and  Irrigation  Paper  No.  11, 1897,  p.  90;  Water-Supply  and  Irrigation  Paper  No.  16, 1898,  p.  187. 
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CANALS   AND   DITCHES. 

Slanialava  dk  San  Joaquin  Canal. — Among  the  ditches  oonstracted H 
aid»  to  placer  atiii  river-bed  miuiug  over  forty  yeare  ago  was  oneoi 
the  north  side  of  Stanislaus  Kiver,  constracted  by  the  Ban  Joaquin 
County  Water  Company,  Water  was  diverted  from  the  rivOT  about  T 
miles  above  Knights  Ferry  and  was  carried  in  ditch  and  flames  along 
the  broken  northern  wall  of  the  river  canyon  to  points  at  and  neu 
Knights  Ferry,  where  the  ditch  water  liad  attained  an  elevation  of  ISO 
feet  above  the  river  surface.  The  ditch  constructed  by  this  eompan; 
in  1854  to  1866  has  remained  in  service  ever  since.  As  the  demand  kt 
water  from  miners  decreased,  the  demand  from  irrigators  increased. 
Many  projects  for  the  diversion  of  a  gniater  qoantity  of  water  tlua 
that  represented  by  the  old  ditch  capacity  were  proposed,  but  uoiw 
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ashed  to  eompletioo,  nntil  finally,  ander  new  management,  an 
ment  and  extension  of  the  old  work  was  Buccessftdly  accom- 
within  the  last  few  years,  and  is  now  known  as  the  Stanislaus 
Joaqnin  Oanal. 

old  ditch  before  enlargement  had  somewhat  irregolar  dimen- 
It  was  generally  4  feet  wide  on  the  bottom,  about  5  feet  at  the 
d  carried  water  2  feet  deep.  Its  fall  was  not  uniform,  gen- 
kbout  5  feet  to  the  mile.  Its  capacity  was  about  15  second-feet., 
was  constructed  across  Stanislaus  Biver  at  its  head  in  several 
s,  closing  the  spaces  between  high  projecting  points  of  bed  rock.. 
EM3es  into  which  these  divided  the  river  bed  were  closed  by  means 
>er  crib  work  having  a  crest  length  of  about  300  feet  and  an 
a  height  of  about  16  feet.  It  raises  the  water  surface  of  the 
2  to  14  feet.  A  portion  of  this  dam  was  renewed  in  the  years 
1880. 

north-bank  end  of  the  dam  rests  against  a  high  timber  crib  filled 
«k,  which  is  perforated  for  the  ditch.  The  inflow  into  the  ditch 
rolled  by  means  of  a  gate  operated  with  a  winch.  When  it  was 
1  to  increase  the  capacity  of  the  original  ditch,  about  1888,  work 
mmenced  by  a  new  organization,  known  as  the  San  Joaquin 
uid  Water  Company,  on  a  masonry  dam  4,300  feet  below  the 
b  head  of  the  ditch,  but  the  structure  has  not  been  completed, 
old  ditch  for  nearly  a  mile  below  its  head  had  a  position  below 
;reme  limit  of  the  river's  flood  plane.  It  has  therefore  frequently 
it  out  or  filled  with  sand  during  the  river's  high  stages,  and  its 
have  been  put  to  much  trouble  in  keeping  this  upper  section 
At  3  or  4  miles  below  its  head  the  ditch  was  carried  for  over 
'eet  along  a  smooth-surfaced  vertical  cliff  in  a  hanging  flume, 
iron  supports  were  firmly  anchored  to  the  solid  rock.  The 
t  Knights  Landing  was  at  such  elevation  that  but  a  short  tunnel 
)cessary  to  carry  a  branch  northward  through  the  divide  into 
Creek  Valley.  Its  water  was  there  used  in  one  of  the  pioneer 
rds  of  the  State,  the  property  of  Judge  Schell.  The  original 
the  old  ditch  was  $80,000.  At  the  time  it  was  superseded  by 
^  work  its  waters  were  being  used  on  200  to  300  acres  of  orchard^ 
rd,  and  garden  land. 

.  matter  of  history,  reference  may  be  made  in  this  connection  to 
krmington  Water  Company,  whose  works  were  intended  to  sup- 
ihose  of  the  older  ditch.  This  company,  with  Colonel  Bulkley  as 
ngineer,  proposed  to  construct  a  loose-rock  dam  across  Stanislaus 
one-quarter  mile  above  the  head  of  the  San  Joaquin  County  ditch 
turn  the  river  through  a  rock  cut  past  the  south  end  of  the  dam. 
(nation  selected  as  a  dam  site  was  a  favorable  one,  but  the  route 
he  dam  for  a  large  canal  for  2  or  3  miles  to  the  point  where  it 
roposed  to  construct  a  tunnel  through  the  ridge  between  the 
nd  Little  John  Creek  was  not  favorable.    The  oonEtmcUoii  oi  ^^ 
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tannel  was,  however,  commenced,  and  it  was  driven  into  the  mcraiitrii 
700  feet  Irom  its  south  end  and  200  feet  firom  its  north  end.  The  lengft 
of  the  finished  tannel  would  have  been  1,940  feet.  This  work  was  dun 
in  1874  and  1875,  but  was  not  carried  to  completion,  becaase  the  neoei- 
sary  financial  arrangements  could  not  be  made. 

The  successive  failures  to  accomplish  a  diversion  of  Stanislaus  Rim 
water  in  a  large  north-side  ditch,  including  a  number  that  did  not 
progress  far  beyond  the  recording  of  a  claim  to  water,  did  notdetar 
the  Stanislaus  and  San  Joaquin  Water  Company  firom  undertaking  tlie 
work. 

The  canal  as  it  came  into  service  in  1896  received  water  through  aa 
upper  ditch  extending  from  the  diverting  dam  to  the  proposed  nev 
dam,  8  feet  wide  on  the  bottom,  sides  nearly  vertical,  water  depth  6 
feet,  and  a  fall  of  a  little  over  4  feet  to  the  mile.  Below  the  partiaUr 
built  new  dam  the  ditch  for  a  distance  of  900  feet  is  9  feet  wide  on  the 
bottom  and  its  water  depth  was  increased  to  6  feet.  The  canal  then 
enters  a  fiume  1,112  feet  long,  thence  flows  through  a  tunnel  1,047  feet 
long,  thence  for  1,520  feet  in  another  flume,  from  which  it  is  delivered 
into  a  second  tunnel  1,037  feet  in  length,  and  thence  by  ditch  and 
flumes  to  a  point  to  the  north  of  Knights  Ferry,  where  the  Farmingtmi 
Branch  is  sent  off  practically  on  the  line  of  the  old  Schell  Ditch  to 
Little  John  Greek. 

The  main  ditch  is  carried  from  there  in  a  flume  half  a  mile  long  acroes 
the  depression  to  the  north  of  Knights  Ferry,  thence  by  short  ditch 
into  a  natural  channel,  in  which  it  flows  westward  several  miles,  thenoe 
again  in  ditch  and  flumes  alternately  to  a  point  about  11  miles  west  of 
Knights  Ferry,  where  a  distribution  of  its  water  is  to  be  made  to  three 
branch  ditches  or  laterals;  of  these  one,  the  Escalon  lateral,  is  to  sup- 
ply water  to  the  uplands  near  Stanislaus  Biver;  a  second,  occnpyiDg 
the  natural  channel  known  as  Lone  Tree  Slough  and  continned  as 
Lathrop  lateral,  will  command  the  main  body  of  land  intermediate 
between  French  Camp  Creek  and  Stanislaus  Biver;  and  the  third, 
taking  a  northwesterly  course,  is  to  skirt  the  foothill  base.  From  the 
main  ditch  a  fiume,  in  part  supported  by  a  bridge,  has  been  carried 
across  Stanislaus  Biver  for  the  delivery  to  Oakdale  of  80  second-feet 
of  water. 

The  Farmington  Branch  fiows  in  Little  John  Greek  about  11  mileSf 
thence  in  a  ditch  on  the  north  side  of  the  creek  12  miles,  reaching  and 
extending  upon  the  valley  plain  to  the  northwest  of  Farmington.  It  is 
8  feet  wide  on  the  bottom,  will  carry  water  2  feet  deep,  and  has  a  fall  of 
li  feet  to  the  mile.  The  Escalon  and  Lathrop  laterals  are  14  and  24 
feet  wide,  respectively.  They  were  not  complete  in  1896,  neither  had 
the  proposed  Clyde  lateral  been  constructed. 

The  upper  two  fiumes  on  the  main  canal  are  10  feet  wide  by  6  feet 
deep.  These  are  followed  by  three  flumes  8  feet  wide  by  8  feet  deep. 
The  gradient  of  main  flumes  varies  from  1.9  to  nearly  2.5  feet  in  1,000. 
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The  flumes  bdow  Knighto  Ferry  generally  are  8  feet  wide  and  6  feet 
de^i,  on  a  grade  of  1.6  feet  in  1,000^  but  the  long  flame  is  an  exception; 
it  is  6  feet  wide,  5  feet  deep,  and  has  a  fall  of  11.4*  feet  in  1,000.  The 
^per  tunnel  is  12  feet  wide,  planned  to  carry  water  6  feet  deep,  on  a 
giade  of  1.5  in  1,000.  The  second  tnnnel  is  14  feet  wide,  bat  has  a  grade 
of  only  1.1  in  1,000.  Where  the  apper  portion  of  the  main  ditch  is  in 
excavation  it  is  an  enlargement  of  the  old  ditch.  The  outer  bank  of 
^Md  old  ditch  was  not  disturbed,  the  entire  enlargement  having  been 
effected  by  deepening  and  by  catting  into  the  hillside.  The  new  ditch 
is  9  feet  wide  on  the  bottom ;  it  is  to  carry  a  maximum  depth  of  6  feet 
tf  water,  and  its  &I1  is  0.9  foot  in  1,000. 

The  great  variability  in  capacity  which  the  above  dimensions  indicate 
is  to  be  accounted  for  in  a  measure  by  the  fact  that  further  enlargeuieut 
k  contemplated  and  that  the  new  work  was  fitted  to  the  old,  as  circum- 
stances permitted.  The  total  expense  of  canal  enlargement,  not  includ- 
ing engineering  nor  rights  of  way,  was  about  $150,000.' 

Water  is  being  furnished  to  irrigators  very  nearly  on  the  same  plan 
as  that  adopted  by  the  Fresno  and  Crocker- Huffman  compauies,  and 
long  before  water  was  available  for  delivery  contracts  were  entered  into 
between  fieurmers  and  the  canal  company  according  to  which  the  land- 
owner pledged  himself  to  take  water  for  a  specified  tract  of  land  as  soon 
is  water  was  available,  and  to  pay  therefor  a  bonus  of  $10  per  acre,  in 
deferred  payments,  at  the  rate  of  50  cents  per  acre  per  annum,  with  inter- 
est at  6  per  cent  per  annum  on  the  amount  remaining  unpaid.  The  takers 
of  water  rights,  in  addition  to  the  payment  of  this  bonus,  also  obligate 
fliemselves  to  pay  an  annual  water  rental  at  the  rate  of  $1.50  per  acre. 
But  the  rate  per  acre  is  to  become  due  during  the  first  four  years  on  only 
so  much  of  the  land  as  is  actually  irrigated ;  on  not  less,  however,  than 
one-fourth  of  the  entire  area  the  first  year  after  water  is  available,  on 
one-half  the  second  year,  on  three-fourths  the  third  year,  and  on  the 
ML  acreage  the  fourth  year  and  thereafter.  The  water  rights  issued 
at  the  beginning  of  1896  covered  about  14,000  acres.  No  information  is 
available  as  to  extent  of  irrigation  during  the  first  season. 

Knights  Ferry  &  Table  Mountain  Ditch  (also  known  as  Fentland 
DiUA), — ^This  ditch,  which  has  been  out  of  service  since  1881,  is  men- 
tioned because  before  its  final  abandonment  it  supplied  water  to  a  few 
acres  of  orchard,  vineyard,  and  garden  land  on  the  south  side  of  Stan- 
islaus Biver,  opposite  Knights  Ferry.  This  ditch  was  constructed  for 
nuning  purposes  in  1855,  at  a  reported  cost  of  $210,000.  Its  head 
was  at  Sixmile  Bar,  about  a  mile  below  the  head  of  the  San  Joaquin 
County  Ditch.  At  that  point  a  log  dam,  30  feet  in  maximum  height, 
enabled  diversion  into  the  ditch,  which  was  cut  into  the  south  canyon 

vail.    The  location  was  not  favorable  for  a  ditch ;  flumes  had  to  be 

oaed  at  a  number  of  points,  and  at  others  the  ditch  was  supported  by 


'The  above  facts  rel«tive  to  the  work  done  by  the  new  water  company  are  Inrgely  from  the  pablished 
xport  on  the  work  by  Prof.  George  Davidson. 
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a  high  oatside  wall  of  dry  rabble.  The  flames  were  4}  feet  wide  and  % 
feet  deep.  The  ditch  was  aboat  8  miles  long;  it  had  a  fell  of  abool 
8  feet  to  the  mile.    Its  capacity  was  about  20  second-feet 

Oakdale  Canal. — From  a  point  on  the  south  side  of  Stuiislaus  Bim 
about  a  mile  below  Knights  Ferry,  a  canal  has  been  constracted  to 
Oakdale.  It  has  a  total  length  of  about  12  miles,  and  commands  the  low 
mesa,  or  second  bottom,  on  which  the  town  of  Oakdale  is  situated*  The 
construction  of  this  canal  was  commenced  about  1888,  but  much  diffi- 
culty was  experienced  in  making  the  diversion.  At  its  head  a  looee- 
rock  dam  was  to  be  maintained  in  the  river.  This  was  constracted  of 
large  blocks  of  rock,  which  were  abundant  near  the  dam  site,  and  it  wa8 
expected  that,  if  piled  into  the  river  in  sufficient  quantity,  they  wonU 
form  a  riffle  or  sill  above  which  water  would  be  at  sufficient  elevation 
to  be  forced  into  the  canal.  The  low*  water  plane  of  the  river  was  to 
be  raised  by  the  structure  about  8  feet.  Seven  years  after  the  first 
construction  of  this  dam  the  river  was  still  annually  breaking  through 
it,  and  arrangements  were  then  made  with  the  Stanislaus  and  San 
Joaquin  Water  Company  to  take  water  to  the  extent  of  80  second-feet 
from  the  canal  of  that  company.  This  water  is  delivered  to  the  Oak- 
dale Oanal  at  a  point  some  distance  above  Oakdale,  through  a  flume 
which  spans  the  river. 

MOKEIiUMXE    BTVEB. 

HYDROGRAPHY. 

Mokolumne  Eiver  is  the  most  northerly  of  the  Sierra  Nevada  streamB 
which  are  directly  tributary  to  San  Joaquin  Biver.  Its  mountain 
drainage  basin  has  an  area  of  G57  square  miles.  In  character  it  does 
not  difier  materially  from  the  Stanislaus,  the  Tuolumne,  and  the 
Merced.  Its  bottom  lauds  are  nearly  as  extensive  as  those  of  Merced 
Eiver,  but  do  not  lie  in  so  compact  a  body.  They  extend  well  into  the 
foothill  region  and  westward  to  near  Woodbridge.  At  that  point 
there  is  a  gradual  merging  of  the  upland  and  river  bottom,  this  point 
being  at  the  eastern  limit  of  lands  naturally  subject  to  inundation. 

The  river  is  subject  to  the  usual  freshet  flow  of  all  Sierra  Kevada 
rivers  in  winter,  and  has  a  pronounced  high  stage  late  in  spring,  due 
to  the  melting  of  snow.  Its  flow  in  April,  May,  and  June  is  generally 
3,000  to  4,000  second-feet.  At  its  lowest  stage,  in  the  fall  of  the  year, 
it  brings  less  than  100  second-feet  of  water  into  the  main  valley.'  The 
lesser  drainage  area  of  this  river  when  compared  with  the  others  oi 
its  class  is  offset  in  a  measure  by  greater  rainfall  throughout  it£ 
watershed. 

The  Southern  Pacific  Company  commenced  observations  of  gage 
heights  on  this  river  in  1879  at  their  bridge  at  Lodi.  The  United 
States  Geological  Survey  made  a  number  of  measurements  of  discharge 

^8ee  PJjjrtJoa]  D»ta  and  StAUatdoB,  W.  H.  Hall,  State  engVneet  oi  Otk^Moti^  ^^  «aa,  41^ 


}  MOKELUHNE   BIYEB.  67 

at  that  pointy  bat,  owing  to  the  poor  character  of  the  section,  results 
were  not  altogether  satisfactory  and  the  station  was  discontinued.  For 
lesolts  of  the  work  at  this  point  see  various  reports  of  the  Survey.^ 

CANALS  AND  PROJECTS. 

As  most  of  the  wat-er  of  this  river  flows  idly  to  the  sea,  it  is  not  with- 
out interest  to  inquire  why  the  water  is  not  utilized,  particularly  as  the 
upland  on  both  sides  of  the  stream  is  a  friable  sandy  loam  of  excellent 
quality,  well  adapted  for  irrigation. 

The  rainfall  of  this  portion  of  San  Joaquin  Valley  is  about  15  to  20 
inches  per  annum,  enough  to  x>ermit  cultivation  of  cereals  by  methods 
of  dry  farming,  and  even  to  make  orchards  and  vineyards  yield  a  fair 
retun.  The  demand  for  water  has  never,  therefore,  been  very  impera- 
tive. On  the  other  hand,  many  projects  have  been  d iscnssed  or  partially 
executed,  but,  on  account  of  engineering  and  financial  difficulties,  have 
met  with  entire  or  partial  failure.  The  most  notiible  project  was  that 
d  the  Mokelumne  Ditch  and  Irrigation  Company,  which,  under  its 
original  organization,  commenced  but  did  not  finish  the  construction  of 
a  high  masonry  overfall  dam  or  weir  at  the  Westmoreland  bridge  near 
Lancha  Plana.  After  many  years  of  inaction  work  was  again  under- 
taken in  1887.  The  dam  was  then  raised  and  repaired  and  work  on  the 
canal  was  commenced.  It  was  proposed  to  carry  water  in  a  large  canal 
on  the  south  side  of  the  river  along  and  through  the  hills  into  Bear 
Greek,  and  thence  to  the  eastern  border  of  the  valley  lauds,  where  it 
was  to  be  put  into  a  system  of  branch  ditches  or  canals.  The  project 
Med  for  lack  of  funds. 

A  few  years  later  the  farmers  living  near  the  eastern  margin  of  the 
flood  limit  of  the  valley,  between  Stockton  and  Mokelumne  River,  gave 
sufficient  encouragement  to  the  VVoodbridge  Canal  Company  to  warrant 
the  construction  of  their  proposed  canal.  The  river  was  brought  under 
control  and  raised  at  Woodbridge  by  a  series  of  gates,  equivalent  to  a 
movable  dam,  from  above  which  a  canal  was  cut  toward  the  south. 
The  canal  came  into  use  in  1891,  but  the  demand  for  water  was  not  so 
great  as  had  been  anticipated.  Financial  difficulties  increased  from  year 
to  year,  and  accidents  happened  to  the  head  works,  so  that  this  canal 
also  is  again  out  of  service.  The  irrigation  with  water  from  the  river, 
therefore,  is  practically  confined  to  a  few  acres  of  bottom  land  served 
by  small  neighborhood  ditches,  such  as  the  Bahmert  Ditch,  on  the  north 
Bide  of  the  river  some  miles  above  Clement.  The  principal  mountain 
ditches  which  are  fed  by  the  river  and  its  tributaries  are  still  in  service 
for  mining  and  domestic  use  rather  than  for  irrigation. 


'Twelfth  Ann.  Kept.  U.  S.  G«ol.  Survey.  Part  II,  1891,  p.  323,  PI.  LXXXVII ;  Bull.  No.  131, 1896,  p.  86; 
BoILKo.l40,1896,p.308. 
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WEST-BIDE  CREEKS  ANJy  OTHER  STREAMS  OP  SAN 

JOAQUIN  VAIiliEY. 

From  this  accouDt  of  irrigatioD  in  San  Joaqnin  Valley  it  will  appe 
that  here,  as  well  as  in  the  State  at  large,  irrigation  is  a  local  ratbi 
than  a  general  aid  to  farming  operations,  and  that  ample  opportniiit 
remains  for  further  development.  This  is  particnlarly  true  of  the  ma< 
northerly  portion  of  the  valley,  and  applies  with  increasing  force  t 
Sacramento  Valley,  where  irrigation  has  thas  far  barely  secured  a  fool 
hold.  It  remains  to  be  said,  however,  that  the  foregoing  chapters  ar 
not  to  be  considered  exhaustive,  because  neither  time  nor  means  a 
command  permitted  a  revisit  to  the  entire  field,  and  little  or  no  attentioi 
has  been  given  to  the  lesser  irrigation  work  from  smaU  creeks  inter 
mediate  between  the  more  important  streams. 

On  the  west  side  of  the  valley  are  a  number  of  small  irrigatioD  workt 
which  draw  their  supply  from  the  creeks  of  the  Coast  Range.  These 
streams  are  torrential  in  character.  Their  flow  is  occasionally  consider 
able  during  severe  storms,  but  it  is  of  -brief  duration.  Ordinarily  th( 
run-off  is  very  slight,  and  in  many  winters  the  streams  remain  almosi 
unaffected  by  the  light  fall  of  rain  on  the  eastern  slopes  of  the  Goas^ 
Range.  This  uncertainty  of  supply  interferes  with  attempts  to  brioi 
them  under  control  for  irrigation  purposes.  Here  and  there,  howevei 
some  success  has  been  had,  particularly  on  those  creeks  having  tb 
largest  drainage  basins.  This  has  been  the  case  on  Los  Gatos  Gree 
just  above  Huron,  which  has  a  drainage  area  of  441  square  miles.  Tb 
bed  of  this  creek  some  miles  above  Huron  remains  moist  during  sod 
mer,  and  diverting  works  there  constructed  (in  part  at  least  of  sheet  pi 
ing,  nearly  equivalent  to  a  submerged  dam)  have  developed  a  flow  of 
to  8  second-feet  for  the  Pleasant  Valley  Ditch,  which  is  a  private  dit-e 
in  use  for  the  irrigation  of  a  tract  of  alfalfa. 

The  favorable  indications  near  the  head  of  this  ditch  for  the  develo] 
ment  of  a  larger  water  supply  encouraged  the  farmers  to  the  east  ( 
Huron  to  form  an  irrigation  district,  which  was  organized  in  1891.  I 
is  known  as  the  Huron  irrigation  district,  and  has  an  area  of  aboi 
20,000  acres.  A  plan  of  works  was  adopted,  but  no  bonds  were  sol 
and  no  construction  work  has  been  done. 

Notable  among  great  works  projected  but  not  carried  out  was  tl 
west- side  canal,  which  was  to  have  been  fed  with  water  from  Tulai 
Lake,  it  having  been  assumed  at  the  time  the  project  was  under  di 
cussion,  in  1876  and  1877,  that  the  lake  could  be  relied  on  to  overtlo 
annually.  As  there  has  been  no  such  overflow  for  about  twenty  year 
it  appears  fortunate  that  the  project  was  not  undertaken. 

The  subject  of  irrigation  and  water  development  from  artesian  wel 
should  not  be  entirely  neglected  in  treating  of  irrigation  in  San  Joaqn 
Valley, .but  space  will  not  permit  of  its  consideration  in  this  papc 
For  information  on  the  subject  reference  may  be  made  to  the  speci 
bulletin  of  the  Eleventh  Census,  Report  on  Agriculture  by  Irrigatic 
/a  the  Western  Part  of  the  United  States,  by  ¥.11. '^^^%\Vi^^^'5i\ 
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DXPABTICBNT  OF  THB  INTEBIOB, 

United  States  Geological  Subtby, 

Division  op  Htdbogbaphy, 
Washingtony  July  15, 1898. 

8iB:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
Experiments  with  Windmills,  prepared  by  Mr.  Thomas  O.  Perry. 
IW  experiments,  as  described  by  Mr.  Perry,  were  carried  on  during 
tbe  years  1882  and  1883  for  the  United  States  Wind  Engine  and  Pump 
Company,  of  Batavia,  Illinois.    As  a  result  of  these  experiments  radi- 
cal ehanges  and  improvements  were  made  in  the  windmills.    As  a 
iDatter  of  business  policy  the  company  did  not  desire  that  the  results 
of  these  tests  should  be  made  known  for  some  years.    After  the  expi- 
ntion  of  a  certain  time,  however,  the  data  have  been  placed  at  the 
disposal  of  the  public  through  the  kindness  of  the  officers  of  the  com- 
pany and  llie  efforts  of  Mr.  Perry.    Although  as  the  result  of  this  work 
great  changes  have  been  made  in  windmills,  many  of  the  suggestions 
made  have  not  yet  been  put  into  practice  and  may  serve  as  a  foundation 
for  farther  work  along  this  line.    The  importance  of  the  windmill  as  a 
means  of  utilizing  the  water  resources  of  a  part  of  the  country  is  so 
great  that  all  available  information  on  the  subject  should  be  diffused 
and  brought  to  the  attention  of  persons  who  can  make  use  of  the  facts. 
I  respectfoUy  request,  therefore,  that  this  manuscript,  with  a  brief  intro- 
duction, be  printed  as  one  of  the  series  of  pamphlets  on  water  supply 
and  irrigation. 

Very  respectfully, 

F.  H.  Nbwell, 
*"    Hydrographtr  in  Charge, 

Hou.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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INTRODUCTION. 


By  P.  H.  Nbwell. 


Boring  the  progress  of  investigatioii  of  the  extent  to  which  the  arid 
hnds  can  be  reclaimed  by  irrigation  and  of  the  related  question  of  the 
0(M»inence  of  water  nndergronnd  attention  has  been  continually  drawn 
to  the  practical  methods  of  bringing  the  underground  water  to  the 
sor&ce.  Throughout  a  great  part  of  the  arid  and  semiarid  region  there 
are  localitieB  where  water  can  be  obtained  at  a  short  distance  from  the 
sorfiioe.  The  amount,  although  not  large  in  the  aggregate  when  com- 
psred  with  fhe  quantity  in  some  notable  stream  or  lake,  is  yet  inex- 
haustible by  the  ordinary  methods  of  pumping.  If,  therefore,  this 
tater  which  exists  from  10  to  50  feet  beneath  the  surface  could  be 
cheaply  raised,  it  would  be  practicable  to  utilize  for  agriculture  tracts 
irhich  otherwise  have  little  or  no  value. 

The  irrigation  of  20  acres  in  the  midst  of  a  section  or  township  of 
land  is,  figuratively  speaking,  a  mere  drop  iu  the  bucket;  but  the 
reclamation  of  this  small  area  generally  means  the  utilization  of  a<\join- 
ing  lands.  If^  for  example,  20  acres  of  some  forage  crop  like  alfalfa  is 
niade  possible,  this  will  result  in  obtaining  a  considerable  amount  of 
winter  fted  used  in  the  sustenance  of  a  herd  which  can  be  pastured 
upon  fhe  sorroonding  dry  land.  The  successful  cultivation  of  this 
^  aena  may  thus  directly  or  indirectly  support  a  family,  and,  with 
ttcrosaed  experience  and  adaptation  to  the  surrounding  conditions, 
be  tuaaSif  may  in  turn  give  place  to  a  rural  community.  Given  the 
xisteiiM  of  sniBoient  water  underground  to  irrigate  the  20  acres, 
lie  first  question  is  that  of  ways  and  means  of  bringing  the  water  to 
^esozfiMse. 

The  force  which  is  ever  present,  making  itself  persistently  felt 
iroughout  the  Great  Plains  region,  is  the  wind,  which  blows  almost 
>ntinuously.  It  carries  the  dust  before  it,  cuts  out  the  traveled  roads, 
ftrries  away  the  fine  earth  of  the  tilled  fields,  and  builds  up  a  fine 
^ess,  almost  everywhere  to  be  found.  The  wind,  which  has  so  long 
•een  considered  as  an  annoyance  and  mischief-maker,  lias  sufficient 
trength  to  x>erform  the  work  of  bringing  water  to  the  surface,  if  only 
suitable  means  of  directing  its  energy  can  be  discovered. 

The  w'wdmUl  is  the  beatknown  method  of  couvertrng \?\TidL  «ii««^ 
fto  work.    In  one  form  or  another  it  has  been  used  from  Wm^  «a\Ar 
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dflting  the  dark  ages.  Iir  the  twelfth  ceotary  \rindmiIlB,  bn 
byiiidividuala  or  by  communities,  were  common.  Borne  of  tli 
were  of  enormous  size.  In  the  Oerman  type  i 
bnildjngon  which  the  mill  waa  placed  was cx)i 
io  Bucb  a  manner  as  to  turn  on  a  post  in  ordei 
the  sails  into  the  wind.  In  tlie  Datoh  fbrm  t 
ing  was  fixed,  but  the  head  of  the  mill  conld  I 
into  the  wind.  The  most  notable  use  of  thi 
mills  was  in  Holland,  where  Uie  land  was  di 
pumping  water  from  behind  the  dikes  into  tht 
1391  the  bishop  of  Utrecht,  holdiog  that  tht 
1 1 1^  the  whole  province  belongeid  ezclasively  to  I 
to  the  convent  at  Windsheim  express  perm 
'  { [^  build  a  windmill  wherever  it  was  thought  pn 
so  doing  he  overruled  a  neighboring  lord  who 
2  that  the  wind  in  the  district  belonged  to  hin: 
I  years  Iat«r  the  city  of  Haarlem  obtained  le 
~  Albert  Count  Palatine  of  the  Bhine,  to  bnilt 
i  mill  using  the  wind  of  the  cooDtry.' 
g  The  huge,  clumsy  windmills  of  Enropean  d 
I  of  which  was  erected  at  Lawrence,  Kansas,  w 
I*  memory  of  the  present  inhabitants,  have  witl 
{i'  '  ^  I  decades  given  place  in  this  oonntiy  to  t 
rapidly  mnniug  forms.  Thousands  of  these  h 
made  by  various  firms  throughont  the  conr 
first  wood  was  nned  almost  exclusively,  bu 
being  rapidly  displaced  by  metal,  especially 
steel  plates  and  forgings.  Althoagh  mi; 
dollars  li»ve  been  invested  in  the  maiinfac 
purchase  of  mills  and  much  attention  has  be 
to  the  mechanical  details  and  the  saving  in  we 
cost,  yet  Lomparatively  little  study  has  been  1 
u]>on  the  actual  efficiency  of  the  varions  fc 
npon  their  development  toward  theoretical  id 
A  view  <)f  gardens  <'.ultivated  by  water  pu 
windmills  is  shown  in  the  accompanying  plati 
This  picture  has  lieeu  taken  from  a  windmill ) 
In  the  foreground  is  a  small  reservoir,  divi« 
bank  in  the  middle,  so  that  one  part  may  be  u 
pendently  of  the  other.  The  part  nearer  the 
is  the  older;  the  second  part  is  a  recent  addil 
dered  necessary  by  the  increase  of  the  area  en 
Without  wiudmillH  the  cuttivation  of  the  tract 
tiy  shown  in  this  picture  would  be  impossible.  Itisdoubtfnt  il 
cow  (Hjuld  find  subsistence  on  the  iiiea  which  now  ,sni)i>orts  a  I 
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Another  small  reBervoir  aud  wiDdmiU  is  Bhown  on  PI.  III.  This 
merroir  Is  iu  the  corner  of  a  small  sabnrban  track  &rm,  to  which  it 
lltniiBhes  wat«r  both  for  vegetables  and  trees.  The  owner  has  stocked 
I  small  pond  with  fiah  and  from  it  obtains  an  ample  sapply  for  his 
tn  nse.  On  the  right-hand  side  is  shown  the  outlet  gat«,  tbrongh 
vhjcli  water  is  discharged  into  a  ditch,  and  that  iu  torn  empties  Into 
raiTOvs  mnnlng  near  the  ftnit  trees  and  traversing  the  caltiTated 
grooDd. 

hi  fig.  1  ia  given  a  section  throagh  one  of  these  small  reservoirs, 
■kowing  at  the  bottom  the  paddled  earth  or  clay  that  prevents  the 
nter  from  seeping  into  the  adjacent  ground.  On  this  paddled  earth 
tbe  banks  are  bnilt  at  a  height  of  from  4  to  10  feet.  These  are  usnally 
Inilt  by  plowing  and  scraping  up  the  earth  fmm  the  outside,  the  tramp- 


FlQ.  3.— windmills  and  circr 


lag  of  tlie  horses  and  the  men  serving  to  consolidate  it.  When  the 
bank  has  been  built  to  the  proper  bright  it  is  smoothed  and  sodded. 
On  the  right'haud  side  of  the  figure  ia  the  pipe  or  wooden  Hume  iVom 
the  windmill,  and  on  the  left-band  side  is  shown  the  outlet  box,  which 
18  usually  built  of  2' inch  plank.  This  is  closed  by  some  simple  form  of 
rooden  gate  or  valve,  either  lifted  by  means  of  a  screw  or  hinged  so  as 
»  open  outward,  and  ia  bold  in  place  by  the  pressure  of  the  wiiter 
against  it. 

The  square  reservoir  is  the  form  usually  adopted.  The  mills,  as  in 
;be  other  cases,  are  placed  on  each  side,  pumping  through  short  woodeu 
Inmes  over  the  bank.  These  reservoirs  are  not  only  us^d  for  holding 
vater  for  irrigatiou,  but,  as  before  stated,  with  a  little  care  serve  as 
jonds  for  raising  fish. 
A  view  of  one  of  these  small  square  reservours  is  sbowii  on  the  accom- 
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panyiug  plate  (PL  IV).  Tbe  bankB  are  obaoand  by  the 
groTth  of  weeds.  The  Borfitoe  of  tbe  irat«r  is  a  little  higher 
general  level  of  the  land,  bo  that  a  Bnpply  can  be  drawn  b 
directly  to  the  adjacent  flelds. 

Fig.  2  gives  a  nearer  view  of  one  of  these  earth  teserrofrs, 
this  case  has  been  bnilt  nearly  eiroolar  In  form.    The  two  ^ 
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water  from  loss  by  evaporation.  This  device  is  generally  emp 
railroad  oompanies  at  stations  on  the  Great  Plains,  where  tbe  t 
be  depended  npon  to  force  a  sufficient  supply  into  the  tank  f< 
locomotives  or  for  the  railroad  shops  and  offices.  Many  to 
depend  for  their  water  supply  upon  a  windmill  pumping  wate 
eJevBted  tank,  particularly  where  the  generaV  sviaxtaftft  w  a«  ne 
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ftt  it  is  impossible  to  constnict  a  small  eartli  reservoir  within  reason- 
to  distance  of  the  principal  boildings. 

The  device  shown  in  PI.  Vj  Ay  which  has  been  employed  to  a  consid- 
ftble  extent  in  the  Oreat  Plains  region,.is  nsaally  constructed  by  the 
fliers.  The  merit  of  the  device  is  its  cheapness.  It  may  be  built 
sinly  of  old  lumber  and  other  material  that  can  often  be  found  about 
16  fieyrm}  such  as  axles  or  other  gear  firom  old  &rm  machinery,  bale 
ire  for  staying  the  sails,  and  pieces  of  wood  or  metal  which  may 
B  classed  as  old  junk.  The  machine  can  not  be  recommended  on  the 
round  of  efficien<7  or  economy.  If  a  farmer  has  sufficient  capital  to 
orchase  and  erect  a  good  windmill  he  will  undoubtedly  succeed  better 
UD  by  si)ending  his  time  in  making  the  cheaper  device.  On  the  other 
uid,  in  situations  where,  as  is  often  the  case  in  a  dry  region,  the 
inner  has  lost  crops  year  after  year,  has  exhausted  his  resources,  and 
ion  the  verge  of  bankruptcy,  a  contrivance  of  this  kind  may  serve  to 
ive  a  small  crop  and  give  him  a  new  start.  In  such  instances  there 
mally  will  be  found  pieces  of  broken-down  machinery  about  the  fiffm. 
Ime  and  labor  are  commonly  of  little  value  where  the  ordinary  fisknu- 
iig  operations  have  been  unsuccessftd,  so  that  by  the  exercise  of  a 
(ttle  ingenuity  the  material  and  energy  that  otherwise  would  be  wasted 
my  be  turned  to  advantage. 

The  mill  or  engine  consists  of  a  shaft  of  wood  or  iron  placed  horimn- 
ftlly  and  supported  at  each  end.  Upon  this  sails  are  fastened  by  arms 
ztending  out  at  right  angles.  On  each  end  of  the  shaft  is  attached  a 
rank,  and  each  of  these  cranks  in  turn  drives  some  simple  form  of 
omemade  pump.  The  lower  half  of  the  mill  is  boxed  in,  and  thus 
•rms  a  small  building  without  roof,  above  which  project  the  arms  car- 
ing the  sails. 

As  illustrating  another  homemade  device,  PI.  Y,  £,  has  been  intro- 
iced.  This  mill  and  water  elevator,  invented  by  the  owner,  has  been 
ccessfiilly  used  to  furnish  water  for  irrigation,  and,  although  not  by 
ly  means  an  economical  device,  nor  one  that  can  be  recommended,  it 
ks  served  its  purpose.    In  other  words,  while  as  a  rule  it  is  economical 

purchase  the  best,  there  are  circumstances  and  times  when  for 
ecial  reasons  the  best  mill  can  not  be  had,  but  it  is  still  practicable 

construct  a  machine  which  will  accomplish  the  desired  end,  that  uf 
itting  water  from  the  ground  ui>on  the  land. 

These  examples  might  be  almost  indefinitely  multiplied,  but  are  suf- 
dent  to  demonstrate  the  principle  that  with  energy  and  ingenuity  a 
art  toward  irrigation  can  be  made.  When,  however,  some  experi- 
ice  has  been  ha<l  in  irrigation  and  newer  mills  are  being  procured,  it 

highly  essential  for  continued  success  that  something  better  than 
le  ordinary  form  of  mill  be  obtained.  Many  of  these  have  been 
edgned  for  some  other  purpose  than  that  of  raising  large  quantities 
»f  water  through  a  short  distance  for  irrigation.  Some^  foi  ^iL^mv^^ 
lave  been  built  with  tbe  idea  of  pumping  a  small  quauWty  tto\si  ^«aX 
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depth  for  catering  stock.  Saoh  mills,  as  a  rale,  do  not  fill  the  ] 
tDeutsof  the  irrigator.  Thousands  of  windmiUs  are  in  nse  an 
sands  more  wUl  be  porchased,  involving  ezpenditores  on  the 
farmers  aggregating  millions  of  dollars.  A  saving  of  even  i 
percentage  in  oost  aud  economy  is  therefore  a  matter  of  consi 
importance  in  the  oontinaed  development  of  the  water  re8onrc«» 
country. 

Fig.  i  shows  two  windmills  ho  arranged  as  to  pnmp  into  a  re 
batlt  of  earth,  placed  upon  the  highest  part  of  a  farm.  Buuniii 
and  day  the  pamps  supply  such  a  quantity  of  water  to  the  n 
that  when  needed  a  considerable  volume  can  be  drawn  at  once 
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a  ditch  of  as  large  size  as  is  ordinarily  built  for  irrigating  a 
from  10  to  20  acres. 

Fig.  5  illustrates  one  of  the  methods  used  to  distribute  small 
ties  of  water,  such  as  maybe  had  from  the  tank  or  reservoir  of  i 
mill.  In  the  drawing  the  banks  are  represented  as  made  of  cei 
of  wooden  planks,  such  iks  are  used  in  portions  of  Oalifomia. 
water  has  especial  value.  The  usual  practice,  however,  witl 
Great  Plains  region  is  to  make  the  ditches  of  earth  and  to  pi 
litlle  gates  in  woodeu  frames.  Sometimes  instead  of  using 
the  irrigator  controlB  the  water  hy  slioveling  earth  into  the  ditcl 
furrows,  backing  up  the  water  until  it  overflows  the  bank  or  ctH: 
through  OD  opening  made  by  uieuns  of  the  shovel.  As  shown 
tigure,  the  water  tlowiug  in  the  main  stream  from  right  to 
ehevked  by  small  gates  and  forced  to  flow  AaXaraW^  ttiTOi\¥,h  fi 
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ia  again  checked  in  tbese  and  forced  ont  upon  the  beds  lying  on 
I  Bide  of  the  ftarrow.  When  a  certain  portion  is  wet  the  iiniall 
w  are  adjtuted  bo  as  to  force  the  water  over  other  portionn. 


Fro.  S.— Dl«lrlbi 


(Vhere  land  bas  a  decided  fall  or  iB  rolling  and  it  Is  too  expensive  to 
niM,  a  system  of  distributing  the  water  mast  be  devised  sotted  to  the 
itonrof  the  ground.  In  the  case  shown  by  the  aceompanying  flgnre 
:■  6)  the  water  enters  the  distribatlng  ditches  at  the  upper  left-hMid 


iulApt«d  1u  lirepiliU'  lond- 


)er  and,  dividing,  flows  through  these  and  agaiu  into  still  smaller 
hes,  from  which  it  is  turned  laterally  into  furrows.     Th«  tlowi« 
Aed  ^w  point  to  point  by  little  dams  or  tempotaT^  ob»X.t\!Li^l\o'&«  oV 
IBB  X" 
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earth.  After  the  water  passes  oat  upon  a  field  any  sarplas  is  caagb 
by  a  small  trench  shown  in  the  figure  as  trending  diagonally  towar 
the  right-hand  lower  corner,  and  firom  this  in  tarn  the  water  can  t 
cansed  to  flow  out  ai>on  the  lower  fields,  so  that  the  excess  or  seepag 
from  the  higher  portions  is  not  wasted  bat  is  employed  in  the  irrig 
tion  of  the  lower  parts  of  the  farm. 

There  are  many  other  devices  by  which  water  pumped  by  windmU 
may  be  stored  and  distributed,  but  those  briefly  described  above  ai 
among  the  most  common.  It  is  sufficient  at  this  time  to  make  mentioj 
of  these  in  order  to  bring  out  the  fact  that  experiment  has  demonstrated 
that  it  is  practicable  to  irrigate  land  by  water  pumped  by  windmilla 
Many  formers  in  various  parts  of  the  United  States  are  dependent  foi 
their  living  on  this  system  of  agriculture,  and  others  are  seeking  U 
gain  knowledge  by  which  they  may  better  their  condition  by  providiD( 
a  water  supply  for  use  in  times  of  drought.  This  is  true  not  only  of  th 
West,  but  of  the  East  and  the  South,  especially  in  regions  where  th 
soil,  though  fertile,  is  light  and  becomes  dry  if  the  rains  do  not  occo 
with  great  regularity.  Even  on  the  Atlantic  seaboard  the  early  trad 
farmers  are  exi)eriment]ng  with  devices  of  this  character,  oopyiiij 
methods  which  have  already  proved  successfhl  in  Kansas.  Modiflcc 
tions  in  mills  and  other  machinery  are  doubtless  necessary  to  suit  loos 
conditions.  For  a  given  purpose  one  mill  may  be  far  better  tha 
another,  and  of  two  wind  engines  similar  in  cost  one  may  be  actnall 
worth*  two  or  three  times  as  much  as  the  other. 

The  dynamometric  experiments  carried  on  by  Mr.  Perry,  as  describe 
in  the  following  pages,  have  brought  out  many  important  points  npo; 
which  depend  the  relative  efficiency  of  various  mills  and  the  advantage 
of  one  type  over  another.  Some  of  these  points  have  already  been  cor 
sidered  and  made  use  of  in  mills  now  on  the  market,  while  others  c 
equal  or  greater  importance  are  awaiting  practical  application  an< 
ingenuity.  It  is  hoped  that  by  the  publication  of  these  facts  interes 
will  be  aroused  and  inventors  will  be  stimulated  to  continue  work  alonj 
various  lines,  leading  to  further  improvement  and  to  a  consequen 
cheapening  of  the  cost  of  raising  water  by  wind  i>ower. 


EXPERIMENTS  WITH  WINDMILLS. 


By  Thobcas  O.  Peeby. 


GENERAL  STATEMENT. 

The  experiments  with  wind  wheels  described  in  the  following  pages 
were  commenced  Jane  1, 1882,  and  concluded  September  15, 1883.  At 
fliat  time  wind  wheels  in  this  country  were  nearly  all  made  with  narrow 
wooden  slats  for  sails,  set  at  various  angles  with  the  plane  of  the  wheel, 
ranging  from  35  to  45  degrees. 

The  slats  were  usually  placed  as  close  together  as  possible  without 
having  their  projections  on  the  plane  of  the  wheel  overlap.  The  pro- 
portions of  sail  surfoce  and  their  angles  of  weather  were  apparently 
arrived  at  without  any  well-defined  purpose.  The  only  experiments 
made  in  the  United  States,  so  far  as  could  be  learned,  related  to  start- 
ing forces  only.  They  did  not  include  the  measurement  of  work  in  foot- 
pounds. The  only  well-defined  experiments  with  wind  wheels,  the 
records  of  which  were  available,  were  those  made  in  England  by  John 
Smeaton,  F.  B.  B.,  about  one  hundred  and  twenty-five  years  before. 
Smeaton's  paper,  On  the  Construction  and  Effects  of  Windmill  Sails, 
was  read  before  the  Royal  Society  May  31  and  June  14, 1759,  and  to 
this  day  has  remained  the  only  definite  available  source  of  information 
on  the  subject  treated.  The  paper  was  republished  in  Tredgold's  Tracts 
Oil  Hydraulics,  a  copy  of  which  was  received  before  these  experiments 
were  commenced. 

It  had  been  esjiecially  noted  that  Smeaton's  angles  of  weather  were 

mach  less  than  those  in  common  use  in  this  country,  and  note  had 

also  been  taken  of  his  statement  to  the  effect  that  the  work  of  a  wind 

wheel  is  not  increased,  but  dimiuisbed,  by  crowding  it  with  sails  so 

that  their  total  surface  exceeds  about  seven-eighths  of  the  circular 

area  containing  them.    The  universal  practice  here  was  to  crowd  the 

wheel  with  slats  until  the  total  sail  surface  exceeded  the  total  area  of 

the  annular  zone  containing  them  by  more  than  one-fifth  of  the  whole 

zone;  according  to  Smeaton,  this  was  adding  to  the  greatest  possible 

efi'ective  sail  area  more  than  39  per  cent  additional  area  of  worse  than 

useless  surface.    If  a  large  part  of  the  material  could  be  saved,  and  at 

the  same  time, a  considerable  increase  in  power  be  efi'ected,  no  alight 
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gain  would  be  secured.  Bmeaton's  exx>eriiDent8  were  made,  so  long  ago 
that  they  were  disregarded,  if  they  were  ever  noticed,  by  the  builders 
of  modern  wind  wheels.  Our  experiments  fully  confirmed  Smeaton's 
results  in  regard  to  the  greatest  effective  amount  of  sail  area,  althoagh 
we  do  not  necessarily  accept  Smeaton's  judgment  that  it  is  not  profit- 
able to  increase  the  total  area  of  sails  beyond  about  37  per  cent  of  the 
annular  zone  containing  them. 

In  wheel  No.  3  we  followed  closely  Smeaton's  angles  of  weather,  bat 
did  not  obtain  so  good  results  as  with  greater  angles.  In  £EMst,  we  were 
not  able  to  obtain  the  best  results  with  weather  angles  so  small  as 
Smeaton's  in  any  of  our  wind  wheels.  Nor  did  our  sail  speeds,  as 
compared  with  wind  velocityi  nearly  approach  the  speeds  obtained 
by  Bmeaton.  Even  our  unloaded  wheels  did  not  show  the  sail  speed 
attained  by  the  best  of  Smeaton's  wheels  when  loaded  for  maxifflom 
work. 

This  difference  in  the  ratio  of  sail  speed  to  wind  velocity  constitnted 
the  greatest  disagreement  between  his  results  and  ours.  Our  loads  at 
the  maximum  of  work  were  smaller  as  compared  with  greatest  loads, 
and  the  speeds  of  revolution  at  maximum  work  as  compared  with 
sx)eeds  of  unloaded  wheels  were  smaller  for  pur  wheels  than  for  Smea- 
ton's. The  general  laws  established  by  Bmeaton,  as  enunciated  in  his 
eight  <' maxims,"  were  substantially  confirmed  by  our  experiments. 
The  law>of  cubes  pertaining  to  maximum  products  and  the  law  of 
squares  pertaining  to  greatest  loads,  or  starting  forces,  were  more 
exactly  fulfilled  in  our  experiments  than  in  Smeaton's.  The  differ- 
ences in  results  as  regards  angles  of  weather,  speeds,  and  best  loads 
might  have  been  due  to  differences  in  the  construction  of  the  wheels. 

Smeaton  constructed  his  wheels  after  the  manner  of  windmill  con- 
struction in  his  time,  and  we  constructed  our  wheels  mostly  after  the 
methods  adopted  by  American  manufacturers  at  the  time  we  experi- 
mented. Our  methods  of  exx)erimeut  were  similar,  though  Bmeaton's 
experiments  were  conducted  on  a  much  smaller  scale  with  smaller 
wheels,  and  his  appliances  generally  were  crude  as  compared  with 
our  own. 

Smeaton  allowed  about  one-eighth  of  his  total  applied  load  as  the 
equivalent  additional  load  due  to  friction.  This  friction,  as  Smeaton 
determined  it,  was  in  reality  friction  at  starting  only,  and  it  must  have 
been  much  in  excess  of  the  friction  under  the  rapid  revolutions  of  his 
wheels,  and  helped  considerably  to  swell  his  products. 

Still  another  allowance  must  be  made  in  comparing  Smeaton's  effi- 
ciencies with  ours,  on  account  of  the  relative  shortness  of  the  sweep? 
which  carried  his  wheels  in  a  circle  against  still  air.  The  velocity  of 
the  centers  of  his  wheels  was  taken  as  the  equivalent  velocity  of  wind. 
As  a  matter  of  fact,  some  point  beyond  the  center  of  the  wind  wheel, 
farther  away  from  the  axis  of  the  sweep,  should  have  been  taken  t^ 
represent  wind  velocity.     The  distance  from  Wi^  ^b-ds  of  Smeatou'® 
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)ep  to  the  extreBiity  of  bis  sail  as  it  revolved  was,  when  greatesti 
krly  doable  its  least  distance,  and  the  energy  of  tbe  wind  acting  on 
I  tip  of  his  sail  was  more  than  seven  times  as  great  at  the  maTimnm 
at  the  minimam  distance.  To  oompate  accorately  the  total  wind 
irgy  intercepted  by  the  wheel,  after  taking  into  aoconnt  tbe  varions 
ocities  of  impingement,  would  be  an  interesting  problem  in  integral 
cuius. 

Che  differential  expression  for  work  is  easily  found,  but  the  Integra- 
n  is  not  so  simple.  An  approximate  calculation  shows  that  the  wind 
srgy  intercepted  by  Smeaton's  wheel  was  more  thaii  7  per  cent  in 
cess  of  what  it  would  have  been  had  all  points  of  the  wheel  met  the 
'  with  the  same  velocity  as  at  t&e  center.  Tbe  difference  is  not  so 
'ge  as  one  would  expect  from  the  great  difference  in  energy  at  extreme 
Bitions.  We  doubt  whether  anything  should  be  deducted  from 
aeaton's  products  on  this  account,  for  only  a  very  limited  portion  of 
e  sails  could  have  a  proper  relative  velocity  with  respect  to  the  wjnd. 
ir  wheels  were,  of  course,  similarly  affected,  although  in  considera- 
7  less  degree. 

Weisbach's  theoretical  formulaB  for  wind  action,  if  correct,  would 
»t  a  cloud  over  Smeaton's  results;  for  be  concludes  his  rather  elab- 
'ate  mathematical  discussion  with  these  words :  '^  According  to  these 
[periments  [Smeaton's]  tbe  action  of  tbe  wind  in  general  upon  sail 
heels  is  greater  than  is  given  either  by  tbe  theory  or  by  Ooulomb's 
iperiments."  Coulomb's  very  incomplete  experiments  seem  to  have 
een  a  great  source  of  consolation  to  those  mathematicians  whose 
leories  would  not  x>^rmit  tbe  realization  of  efficiencies  so  great  as 
meaton  obtained. 

Our  own  experience  with  wind  wheels  in  actual  use,  in  widely  differ- 
Dt  lines  of  work,  and  tbe  testimony  of  many  persons  using  them, 
DDvince  us  that  tbe  efficiencies  we  obtained  and  which  Smeaton 
btained  in  artificial  wind  are  not  so  great  as  those  commonly  obtained 
ow  in  natural  wind.  We  consider  our  experiments  valuable  princi- 
ally  on  account  of  tbe  comparisons  made  and  tbe  insight  they  afford 
ito  the  causes  of  waste.  Through  the  courtesy  of  Mr.  H.  1^.  Wade, 
lanager  of  tbe  United  States  Wind  Engine  and  Pump  Company,  of 
^atavia,  Illinois,  we  are  enabled  to  reproduce  the  original  records  of 
ur  experiments  on  wind  wheels  as  they  were  made  in  1883. 

APPARATUS. 

Oar  experiments  were  conducted  in  a  room  about  36  feet  wide,  48 
^t  long,  and  19  feet  high  from  floor  to  roof  trusses. 

Pis.  VI  and  VII  represent,  in  elevation  and  plan,  as  a  whole,  the 
apparatus  that  was  used  and  show  portions  of  the  roof  trusses  under- 
neath which  tbe  sweep  was  suspended.    The  rear  end  of  the  sweep, 
^ot  shown,  carried  a  counterweight,  which  caused  the  w\io\^  «i\|r^^t«X^% 
^  haknee  on  tbe  central  abaft    Two  rollers  carried  by  tiVift  i^Ni^tt^  o^ 
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opposite  sides  of  the  suspending  shaft  ran  lightly  over  a  large  cireolar 
track  and  prevented  vertical  oscillations.  Pis.  YIII  and  IX  piesent 
enlarged  views,  showing  the  details  of  the  dynamometer  and  its  metliod 
of  application. 

These  foor  plates  and  the  illustrations  of  wind  wheels  Nos.  3,  6, 19, 
24,  29,  39,  40,  44,  60,  and  61  were  recently  prepared  fh>m  data  in  oar 
possession.  The  illustrations  of  wheels  Nos.  2,  35,  and  48  are  repro- 
ductions of  the  drawings  made  for  the  original  records,  as  are  also  all 
the  other  illustrative  figures  which  are  shown  in  connection  with  the 
original  records.  In  computing  the  figures  denoting  efficiencies,  shown 
in  connection  with  the  illustrations  qf  wheels  Nos.  3  and  6,  axle  friction 
was  called  0.15  pound  instead  of  the  0.3  pound  given  in  the  tables,  as 
explained  under  the  heading  ^^  Oorrections  for  axle  friction*" 

In  these  two  cases,  and  also  in  computing  the  efficiency  of  whed  Na 
2,  allowance  was  made  for  temperature  as  recorded  an^  for  atnDU)6- 
phoric  density,  according  to  the  records  of  the  United  States  Signal 
Service  station  at  Chicago  for  2  p.  m.  on  the  days  of  experiments. 

The  efficiencies  shown  in  connection  with  all  the  other  illustratiooA 
of  wind  wheels  were  obtained  by  simply  multiplying  the  efficiency  for 
Ko.  2  by  the  ratios  of  products  given  in  the  various  tables  where  directs 
comparison  with  No.  2  is  shown. 

The  original  records  of  1883,  immediately  following,  end  on  page  T^-^ 
The  comments  following  page  72,  including  the  tables  on  pages  74  an^ 
77,  have  recently  been  prepared. 

ANGLE  OF  WEATHER. 

The  term  ^^  angle  of  weather,"  used  in  connection  with  the  followlDgr 
tables,  means  the  angle  made  by  the  face  of  the  sail  with  the  plane  of 
the  wheel. 

ABTIFIGIAL  WIND. 

In  conducting  these  experiments  with  windmills,  it  was  necessary 
that  results  to  be  compared  should  be  obtained  in  wind  of  uniform 
velocity.    We  therefore  made  use  of  artificial  wind,  obtained  by  carry- 
ing the  wind  wheels  in  a  circle  against  still  air  on  the  end  of  a  long 
sweep  suspended  beneath  the  roof  trusses  of  a  large  room  used  for 
setting  up  tanks.    The  sweep  was  made  to  revolve  horizontally  around 
its  vertical  axis  by  means  of  gearing,  pulleys,  and  belts  connected  witb 
a  line  shaft  driven  by  an  80-horsepower  Reynolds-Corliss  steam  engine, 
which  furnished  the  motive  power  for  the  works  of  the  United  States 
Wind  Engine  and  Pump  Company.    The  distance  from  axis  of  sweep 
to  center  of  wind  wheel  was  14  feet,  so  that  the  velocity  of  wind  against 
the  wind  wheel  in  miles  per  hour  would  be  indicated  very  closely  M 
the  number  of  revolutions  per  minute  made  by  the  sweep.    To  attain 
absolute  accuracy  the  length  of  sweep  should  have  been  14.00G  fee^ 
Hence  it  waa  only  necessary  to  note  the  number  ol  \.\]lt\i&  '^t  \a\\i\3b.^ 
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de  by  the  sweep  in  order  to  know  the  velocity  of  wind  in  miles*  per 
ir  with  sufficient  accunu^. 

^or  coanting  the  namber  of  turns  of  the  sweep  a  toothed  wheel,  con- 
ning 80  teeth,  was  ased,  which  was  made  to  revolve  at  the  same  rate 
the  sweep.  Thos  the  fractions  of  a  turn  could  be  easily  determined 
within  0.0125,  and  we  made  a  practice  of  setting  down  the  fractional 
us  to  within  0.00125,  thus  securing  relative  accuracy  in  determining 
)  velocity  of  the  wind  to  within  0.00125  of  a  mile  per  hour. 
Dbe  face  of  the  wind  wheel  was  set  at  right  angles  to  the  direotion  of 
3  wind.  The  frame  supporting  the  shaft  of  the  wind  wheel  was  sus« 
nded  about  3  feet  below  the  sweep  by  four  iron  straps,  presenting 
eir  thin  edges  to  the  wind,  so  that  the  action  of  the  wind  upon  the 
leel  should  be  obstructed  as  little  as  possible  by  the  sweep  or  ether- 
ise. The  motion  of  the  sweep  undoubtedly  carried  the  air  of  the  room 
ith  it  to  some  extent,  but  not  so  as  to  produce  a  noticeable  current. 

DTNAMOMETBB. 

The  ordinary  Prony  friction  brake  was  used,  with  such  modifications 
id  additions  as  circumstances  demanded. 

The  brake  consisted  of  two  pine  blocks,  clamped  vertically  upon  a 
"ass  cylinder  5}  inches  in  diameter,  attached  to  the  shaft  of  the  wind 
heel.  But  instead  of  using  two  bolts,  with  thumb  nuts  for  adjusting 
e  brake,  one  bolt  was  used  as  a  hinge  beneath  the  cylinder,  and  the 
IJQstment  was  made  by  means  of  a  cord  passing  across  from  one 
ock  to  the  other  around  small  iron  sheaves,  which  turned  on  common 
)od  screws  fastened  into  the  tops  of  the  two  blocks,  so  that  the  pres- 
re  of.  the  blocks  against  the  cylinder  corresponded  to  about  sixteen 
nes  the  tension  of  the  cord. 

The  adjusting  cord  was  carried  back  from  the  brake  some  distance 
a  direction  parallel  to  the  axis  of  the  cylinder  to  a  sheave  fixed  to 
e  frame  supporting  the  shaft  of  the  wind  wheel.  From  that  point 
e  cord  was  carried  by  means  of  sheaves,  levers,  etc,,  up  through  the 
Uow  shaft  supporting  the  sweep  and  finally  fastened  to  one  end  of  a 
rer.  The  other  end  of  the  lever  was  hinged  and  provided  with  a 
ding  weight,  by  means  of  which  the  tension  of  the  cord  could  be 
justed  from  the  station  of  observation  while  the  sweep  was  in  motion. 
18  brake  was  provided  with  a  horizontal  graduated  arm  carrying  a 
^ight,  which  could  be  moved  in  or  out  to  correspond  to  any  desired 
lA.  Suitable  stops  were  provided,  allowing  a  limited  motion  of  the 
ake  and  graduated  arm,  which  could  be  conveniently  watched  from 
e  station  of  observation,  just  beyond  the  reach  of  the  sweep.  The 
tike  and  graduated  arm  were  balanced,  as  regards  the  action  both  of 
•avity  and  of  centrifugal  force,  before  applying  the  loads,  which  were 
Uanced  by  the  friction  of  the  brake.  The  thrust  of  the  rear  end  of 
le  ftbaft  of  the  wind  wheel  was  sustained  by  a  ste^l  \yo\iit. 
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METHOD  OF  EXPERIMENT. 

For  noting  the  number  of  turns  of  the  wind  wheel,  the  rear  end  of  the 
shaft  was  provided  with  a  worm,  with  which  a  toothed  wheel  coald  be 
thrown  in  or  out  of  contact  at  the  pleasure  of  the  operator  from  the 
station  of  observation.  Each  turn  of  the  wind  wheel  would  cause  the 
toothed  wheel  to  make  0.0125  of  a  revolution,  as  there  were  80  teeth  in 
the  wheel,  and  the  fractional  turns  could  easily  be  estimated  to  within 
0.1  of  a  revolution  of  the  wind  wheel.  The  weight  on  the  graduated 
arm  wm  always  expressed  in  pounds  and  decimal  parts  at  1  foot  from 
the  center  of  shaft  of  the  wind  wheel.  During  use  the  brake  was  freely 
lubricated  with  machine  oil. 

For  a  trial  load  the  weight  on  the  graduated  arm  was  set  at  some 
number,  say  1  pound.  Then  the  counter  which  was  to  record  the  speed 
of  the  wind  wheel  was  set  at  0,  as  was  also  the  counter  which  was  to 
record  the  velocity  of  the  wind.  The  sweep  having  been  set  in  motion, 
the  speed  of  the  wind  wheel  was  checked  by  the  brake,  which  was 
adjusted  f^om  the  station  of  the  observer  by  regulating  the  tension  of 
the  adjusting  cord  until  the  weight  on  the  graduated  arm  was  jast 
lifted  by  the  friction,  and  no  more.  As  soon  as  the  firiction  and  weight 
were  well  balanced  the  counters  which  were  to  record  the  speed  of  the 
wheel  and  velocity  of  wind  were  thrown  in  by  a  single  movement  of  a 
lever,  and  at  the  expiration  of  one  minute  they  were  both  instantane- 
ously thrown  out.  Then  the  sweep  was  stopped  at  the  station  of  obser- 
vation, the  number  of  revelations  of  the  wind  wheel  recorded,  and  also 
the  velocity  of  the  wind. 

To  the  load  applied  was  added  the  friction  of  the  journals,  also 
expressed  in  pounds  at  1  foot  from  the  center  of  the  shaft.  This  sum 
made  the  total  load,  which  was  multiplied  by  the  number  of  turns  of 
the  wind  wheel. 

Then  a  second  product  was  obtained  in  precisely  the  same  manner 
with  a  greater  load  applied;  and  if  greater  than  the  first,  a  still  greater 
load  was  applied  and  the  corresponding  product  obtained.    A  succes- 
sion of  products  were  thus  obtained  corresponding  to  a  succession  of 
loads  gradually  increased  until  the  products  began  to  decrease  on 
account  of  the  diminishing  speed  of  the  wheel.    The  greatest  product 
corresponded  to  the  best  load  for  the  wheel,  and  the  actual  work  per- 
formed by  the  wheel  in  each  case  could  be  obtained  by  multiplying  tbe 
product  by  6.2832  feet,  equal  to  the  circumference  of  the  circle  whose 
radius  is  1  foot.    In  obtaining  these  products  measurements  were  taken 
several  times  for  each  load  and  the  total  load  was  multiplied  by  the 
avernge  turns  of  the  wheel  per  minute.    Tbe  average  wind  was  also  taUe^ 
for  record.    The  velocity  of  wind  was  supposed  to  be  nearly  uniform,  l>^^ 
varied  slightly  with  the  speed  of  the  engine,  and  the  variation  was  s^^ 
ficient  to  affect  results  considerably  in  some  cases;  hence  the  necessi^ 
of  recording  the  velocity  of  the  wind  in  each   case.    In   compari*^ 
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resnltB  some  allowanoe  also  bad  to  be  made  for  diflferences  in  velocities 
of  wind. 

In  testing  tbe  speed  of  tbe  wbeel  unloaded  the  brake  was  removed, 
makiDg  the  load  nothing  but  the  journal  friction. 

JSTARTING   FOROBS. 

Tbe  determination  of  starting  forces  was  attended  with  some  diffl- 
cultj.  In  the  first  place,  it  became  necessary  to  define  what  should 
t>e  considered  the  starting  force  of  a  wind  wheel — whether  it  should  be 
M)Dsidered  the  greatest  load  under  which  the  wheel  would  turn,  or  the 
p^eatest  load  which  the  wheel  would  balance  without  turning.  It  was 
iko  necessary  to  decide  what  motion  of  the  wheel  should  be  defined 
is  turning.  The  wheel  with  a  certain  load  would  sometimes  perform 
^ne  revolution  in  ten  or  twenty  minutes,  if  that  could  be  called  turn- 
ng;  between  that  and  proper  continuous  turning  there  were  many 
gradations.  It  was  impracticable  to  decide  when  the  wheel  reached 
he  lowest  limit  of  speed  which  could  properly  be  called  turning. 
Cberefore  we  have  considered  the  starting  ibrce  as  the  greatest  load 
lie  wheel  would  balance  without  turning.  Our  method  of  determining 
starting  forces  was  to  clamp  the  brake  so  tightly  on  the  cylinder  that 
lie  wheel  could  not  turn,  but  could  lift  the  load  applied  such  small 
iistance  as  was  allowed  by  the  stops  which  limited  the  motion  of  the 
>rake.  The  sweep  was  then  set  in  motion  and  timed  for  one  minute, 
luring  which  time  the  load  on  the  graduated  arm  was  watched,  its 
alternating  upward  and  downward  movements  were  noted,  and  Judg- 
nent  was  exercised  as  to  the  balance  between  the  load  applied  and  the 
starting  force  of  the  wind  wheel.  The  average  velocity  of  wind  during 
•liese  tests  was  always  recorded  after  March  13, 1883,  but  not  always 
>efore  that  date. 

In  lifting  the  load  the  starting  friction  of  the  journals  was  also 
overcome  by  the  wind  wheel,  but  when  the  weight  descended  the  load 
overcame  the  starting  friction  of  journals  in  addition  to  the  starting 
V)rce  of  wind,  and  as  the  load  almost  constantly  moved  up  and  down 
i^hen  well  balanced,  nothing  should  be  added  to  loads  applied  for 
*rictiou  in  case  of  starting  forces.  Yet  the  friction  has  been  added  in 
M  tables,  the  same  as  to  other  loads  applied,  in  order  to  accommodate 
he  statements  at  the  head  of  columns  for  loads.  On  account  of  the 
starting  friction  being  great  and  uncertain,  and  for  other  reasons,  the 
•tartiog  forces  recorded  prior  to  March  13, 1883,  are  not  so  much  to  be 
^Hed  upon  as  those  recorded  after  that  date;  nor  were  the  later  tests 
>r  starting  forces  nearly  so  accurate  as  those  for  products. 

JOURNAL  FRICTION. 

For  journal  friction  previous  to  March  13,  1883,  see  description  in 
•Onection  with  wind  wheel  No.  11,  page  38.  After  th^  d^^tfc  «Aw>n^ 
^  veD  tbe  Journal  friction  waa  greatly  reduced  by  the  usa  ol\ttt^^  ^\i\Ii- 
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frictiou  wheels  in  place  of  the  front  box,  jcuit  behind  the  wind  wheel 
and  in  front  of  cylinder,  where  the  weight  of  the  wind  wheel  and  cyl- 
inder was  mostly  supported.  In  place  of  the  rear  box  a  small  steel  pin 
was  inserted  in  the  end  of  the  shaft  and  turned  in  a  brass  box.  The 
end  thrust  of  the  shaft,  due  to  wind  pressure  and  tension  of  the  sdiw^ 
ing  cord,  was  sustained  by  a  steel  point,  as  before. 

As  thus  improved,  one-half  an  ounce  hung  to  a  thread  wound  around 
the  outside  of  wheel  No.  37  overcame  friction  at  very  slow  motion,  and 
was  almost  if  not  quite  equal  to  starting  firiction.  The  brake  was 
removed  during  this  test. 

Let  X  =  weight  12  inches  from  axis  required  to  overcome  finction. 
30  inches  =  distance  from  axis  to  thread. 

^  ounce  ^  ^  pound. 

12x  =  M 

X  =  0.0785  =  friction  at  very  slow  motion  or  at  starting. 

With  brake  and  wind  wheel  removed  2G.50  ounces  hung  by  a  thread 
wound  around  the  forward  end  of  shaft  0.7969  inch  in  diameter  over- 
came friction  at  very  slow  motion  and  was  almost  equal  to  starting 
friction,  and  24.25  ounces  hung  in  the  same  way  overcame  friction  at50 
turns  per  minute,  and  would  not  overcome  friction  when  speed  was  maeh 
less.  0.8125  inch  =  diameter  outside  of  thread,  0.4024  inch  =  radins 
to  center  of  thread. 

Friction  at  50  turns  per  minute  is  to  starting  friction  as  24.25  is  to 

26.50.    Hence,  0.0785  x  ^^  =  0.0714  pound  =  journal  fHction  at  50 

turns  per  minute,  with  wind  wheel  on  and  brake  removed.  The  weight 
of  the  brake  would,  of  course,  add  a  little  to  the  friction,  which  we  have 
uniformly  called  0.1  in  the  tables,  as  explained  on  page  28,  under  the 
table. 

The  0.3-pound  friction  added  to  loads  applied  prior  to  March  13, 1883, 
was  friction  at  very  slow  motion  and  was  undoubtedly  much  m  excess 
of  friction  at  sx)eed  of  wheels  corresponding  to  maximum  products,  as 
is  evinced  by  the  fact  that  notwithstanding  the  great  reduction  of 
starting  friction  the  tables  do  not  show  for  the  same  applied  loads,  or 
even  unloaded,  very  much  increase  of  speed  of  wheels  after  March  l3j 
1883,  over  si)eeds  indicated  previous  to  that  date.    If  0.1  pound  bad 
been  added  to  applied  loads  ])revious  to  March  13, 1883,  the  products 
at  maximum  and  for  higher  speeds  of  wheels  would  probably  have  been 
more  nearly  correct.    It  was  this  uncertainty  and  ignorance  regarding 
friction  at  different  speeds  that  led  us  to  reduce  as  much  as  possible 
this  source  of  error.    However,  the  error  thus  arising  does  not  greatly 
affect  comparative  values  of  products  recorded  prior  to  March  13, 1883. 
although  products  affected  by  allowance  of  0.3  pound  for  friction  slio^^^ 
not,  unless  corrected,  be  compared  with  products  recorded  after  abo^^ 
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OOICPABATITE  STANDARD  WHBBL. 

1  the  eartier  stages  of  these  experiments  we  acted  on  the  sapposi- 
that  only  snch  variations  in  the  state  of  the  atmosphere  as  were 
sated  by  the  barometer  and  thermometer  shonld  affect  the  work 
ormed  by  a  wheel  tested  at  different  times  in  wind  of  the  same 
city.  Bat  later  we  were  convinced  that  the  readings  of  the  barom- 
and  thermometer  would  not  always  account  for  variations  in 
[acts  given  by  the  same  wheel  on  different  days.  We  were  also 
dnced  of  the  oselessness  of  speculating  as  to,  or  trying  to  under- 
d  and  forestaU,  all  the  causes  that  might  combine  to  affect  results, 
refore  we  adopted  the  practice  of  comparing  the  maximum  product 
ich  wheel  tested  with  the  maximum  product  of  wheel  No.  2,  obtained 
ose  proximity  as  to  time  and  under  similar  conditions  in  all  respects. 
I  could  be  done  with  a  good  deal  of  certainty,  and  no  further  trouble 
exi)erienced  on  account  of  contradictory  results.  After  the  best 
8  had  been  ascertained  by  trial,  comparative  tests  were  made  by 
ig  first  one  wheel  and  then  the  other  in  succession  until  a  eonsid- 
le  number  of  measurements  had  been  taken.  Then  as  many  meas- 
lents  as  possible,  giving  the  same  average  velocity  of  wind  for  both 
bIs,  were  selected  from  eaich  set  of  experiments, 
this  way  the  product  obtained  was  usually  the  average  of  8  to  10 
surements  of  each  wheel  made  under  the  same  conditions  of  time, 
I,  weather,  and  whatever  else  might  affect  the  results.  The  prod- 
of  No.  2  was  thus  used  as  a  standard  of  measure,  and  the  ratio  of 
acts  indicated  the  relative  value  of  the  wheel  compared. 
>r  further  particulars  consult  tables  of  experiments  of  later  date 
i  March  13, 1883. 


Results  of  a^periments  performed  in  March  and  May,  1883,  with  wheel  No,  f . 


Velocity  of 

wind  per 

hour. 

Load  ftp- 
Dlied+O.l 
lor  friction. 

Tarns  of 

wheel  per 

minate. 

MiU*, 

Poundt. 

6.437 

0.1 

43.78 

6.371 

1.1 

23.90 

6.381 

2.4 

0 

8.417 

.1 

59.05 

8.403 

1.9 

32.875 

8.406 

4.2 

0 

10.898 

.1 

77.85 

11.041 

1 

3.3 

41.06 

!    10.976 

6.9 

0 

Prodact  at 
maximiUD. 


26.290 


62.463 


135. 498 


Tbermom- 
eter. 


OF. 


Date. 


1888. 


62 

May  14 

54 

May  14 

62 

May  14 

53 

Mar.  14 

50 

Mar.  14 

53 

Mar.  14 

46 

May  21 

60 

May  17 

46 

May  21 

^vious  to  making  the  above  experiments,  March  IS^  \%!^^  Wie^  ^^li*^ 
feter  was  Improved  by  tbe  addition  of  an  automat\c  \>TVi\L^«rfi4\^»\«« 
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and  aDtifriction  wheels,  which  reduced  starting  friction  from  abc 
to  aboat  0.08  poand,  and  made  journal  friction  at  50  turns  per  i 
about  0.071  pound.  In  the  table  friction  was  called  0.1  x>ound  fc 
venience,  as  the  absolute  friction  in  each  case  could  not  easily 
tained,  and  the  error  does  not  materially  affect  comparative  r 
(See  pages  25  and  26  for  <'  Journal  friction.'') 

Average  products  of  wheel  No.  2,  which  was  used  as  a  stands 
comparison,  were  obtained  by  selecting  from  numerous  tests  s 
numbers — generally  8  to  10 — which  corresponded  to  wind  of  th< 
average  velocity  as  wind  for  wheels  compared  in  each  case;  the 
ence  of  averages  in  no  case  exceeded  0.001  mile  ^r  hour  in  the  ta 
page  47. 

Measurements  for  maximum  products  of  two  wheels  comparer 
always  taken  as  far  as  possible  under  the  same  conditions  of  win< 
perature,  barometer,  weather,  time,  etc. 

RESULTS  OF  ORIGINAL  TESTS. 


TABLES  AND  DESCRIPTIONS  OF  WIND  WHEELS. 
Wheel  No.  1. — BeaulU  of  experifMnts. 


Velocity  of 

wind  per 

hoar. 

Load  ap- 
plied +0.3 
for  friction. 

Turns  of 

wheel  per 

miunte. 

Product. 

MiUi. 

Pounds. 

« 

8.427 

0.3 

59. 08 

17.724 

8.431 

L2 

42.60 

51.120 

8.385 

1.4 

39.90 

55.860 

8.412 

1.6 

35.69 

57.104 

8.452 

1.8 

31.69 

57.042 

8.432 

2.0 

28.02 

56.040 

2.85 

0 

0 

Experiments  made  June  1  and  2,  1882. 

Load  expressed  in  pounds  applied  1  foot  from  center  of  wheel. 

Circumference  of  circle  whose  radius  is  1  foot,  6.2832  ieet. 

Work  per  minute  at  the  maximum,  57.104  x  6.283  =  358.784  foot-pounds 

Diameter  of  wheel,  5  feet. 

Number  of  slats  or  sails,  30. 

Leng^  of  slats,  18  inches. 

Width  of  slat  at  outer  end,  3.56  inches. 

Width  of  slat  at  inner  end,  1.344  inches. 

Total  area  of  slats  or  sails,  9.19  square  feet. 

Angle  of  weather,  35  degrees. 

Portion  of  available  annular  space  filled  by  sails,  0.5. 

The  spaces  between  are  equal  to  the  spaces  occupied  by  the  slats.  This  ^ 
the  same  as  No.  2  with  one-half  tbe  slats  omitted. 

SlatA,  plain  surfaces,  made  of  white  pine  three-sixteenths  uf  an  inch  thic 
forward  edges  trimmed  to  au  edge. 


HESl'LTS   OF   ORIGINAL    KXPEKIMEPJTS. 
Whebl  No.  a. — KmhIU  0/  tv-iieriiHrnl: 


TsloclIyDf 

"fir 

JSS. 

Tonnof 

Prodfaal. 

T^™™^ 

D-t.. 

Jfilo. 
8.*11 
8.S81 

8.451 

8. 146 
8.413 
S.460 
g.l36 
8,420 
8.443 
8.421 
g.44e 
8.416 
6.398 
8.3» 

0.3 
0.9 

1.05 
1.3 
1.B 
1,7 
1.8 

1.9 
3.0 
3.1 
3.3 
2.5 
2.7 
2.0 
8.1 
3.81 

"J". 

69 

"" 

49.00  ,  44.100 

43.08 
40.80 
37.30 
35.86 
34.89 
33.43 
31.33 
27.60 
24.48 
21.70 
30.00 
16.80 
0 

56.004 
61,200 
63.410 

77 
73 
70 

Jane    7 
Jfnne    7 

JBM     7 

66.291    '            72 

June    8 

65.793, 

63.480 
61,300 
58.590 
58.000 
48.960 
0 

60 
73 
7B 
76 

Jnne    8 
Jmw    8 
Jiine    8 
Jdud    8 

Jnne    8 

'it]  aru  of  alat  uub  18.380  tqaue  feet 
igls  of  weftther,  35  deg^reea. 

leume  as  No.  1,  with  doable  the  number  of  elate — thatia,thBproJeotioiiBof  the 
'  upon  the  plane  of  the  wheel  equaled  the  entire  available  aannlar  area.  An 
u  ahowD  [n  Sg.  8  at  each  of  the  sii  arms  eonatitoted  the  epaoe  not  available. 
I  held  in  place  by  13  straight  notched  pieces  extending  from  arm  to  arm  the 
Si* in  No.  1. 
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Fia.  7.—RlaT>UaD  *nd  •Ktlon  of  wheal  Mo.  3.    (Siil  uh,  1B.3M  Bqum  feet ;  efflclencr, 


RESULTS   OK    ORIOINAl,    KXPBIilMENTS. 


-'Jfmill*  oj  crperirneK 


3 


T«laell?  or 

LiMdnkp- 

T™o, 

PndDct. 

TbarwiD. 

■^ 

JIflu. 

FomOt. 

"F. 

ISffl. 

8.176 

0.S 

SO.  48 

87.111 

B8 

June  22 

8.435 

.85 

88.40 

W.930 

68 

Jnno  23 

8.141 

1.06 

64.90 

68. 145 

68 

jHtlO    21 

8.428 

1.1 

83.15 

68.365 

88 

.Inne  32 

8.447 

1.3 

58.65 

71.580 

69 

Jiihb  IB 

8.436 

l.S 

55.36 

71.968 

83 

Jnne  22 

8.403 

1.1 

51.10 

71.510 

fi9 

.Iniio  81 

8.423 

1.5 

47.48 

71.220 

74 

1  Ju«  19 
1  Jam-  23 

8.441 

1.7 

11.00 

69.700 

71 

Juno  33 

8.401 

1.9 

3a.  00 

60.800 

71 

.Inne  23 

2.4 

0 

0 

Jnnts  39 

I 


.^Blaiktloii 


(SwilDr 


M  (qnan  hat  i  alBalanej.  O.ISL) 


Diameter  of  wheel,  6  feet. 

NnmbeT  of  Bails,  12. 

Sails  of  lineal  dimeiuiaiis  aa  shown  in  figs.  10  and  II,  made  of  wliite-pin 
three- sixteenths  of  an  Inch  thick  and  fastenEd  by  hinges  near  each  end  ti 
banila  bent  to  arcs  of  circle  and  secured  to  the  6  arms. 

Total  sail  snrfaco,  13.59  square  feet. 

Sails  concaye  toward  tbe  wind. 


12  pin 


UESULTS   OF   ORIGINAL   KXPEKIMENTS. 


Fm,  11,— Ati^lsBof  weullit^r  uf  siUi  ot 
wboelNo.S.  A.  Angliinrvulhcritt 
iBoer  unif  of  iml\'.  li.  ADgl«  nt 
wentbiT  nt  oaLer  pii'l*  uf  iialli. 


Wbbxl  No.  4.— HmhIk  0/  txpwim«»U. 


'^' 

fSrfMetloD. 

Sr 

ProduM. 

ThBTnwa- 

Dale. 

MiUM. 

p™*. 

-F. 

lesz. 

S.SM 

0.3 

89.43 

26.829 

76 

Jnne  29 

8.372 

o.» 

74.  M 

67.086 

76 

Jnne  29 

8.3re 

1.1 

70.03 

77.033 

76 

June  29 

8.334 

1.3 

62.75 

81. 575 

68 

Jnne  29 

&«1 

1.5 

60.72 

01.080 

73 

.Tnno  28 

8.«7 

1.7 

55.93 

95.081 

73 

Jane  28 

a466 

1.9 

48.75 

92.625 

73 

JuD«  28 

8.366 

2.1 

42.78 

89.838 

68 

June  39 

8.386 

2.3 

38.60 

88.560 

68 

Jnne  29 

8.369 

2.6 

29.13 

72.826 

68 

Jane  29 

3.3 

0 

0 

June  29 

leel  the  umeas  No.  3,  except  th&t  the  incliDationof  thoBftilB  waa  changed,  i 
he  Migle  of  vefttber  20  degrees  at  outer  ends  of  Bails  and  SOdegreciBtiuneri 
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[MXI 


Whksl  No.  5.— JKemllf  <^  M^perteMiilf .  («) 


Velocity  of 

wind  per 

boor. 

Loadaap- 
idled +0.B 
lorMdfckni. 

Tnraaof 

wheel  per 

misnta. 

JTOm. 

PiMmdt. 

8.444 

0.3 

86.78 

8.499 

0.9 

73.66 

8.479 

1.1 

68.72 

8.493 

1.3 

64.18 

8.419 

1.5 

57.98 

8.422 

1.7 

53.86 

8.468 

1.9 

50.83 

8.465 

2.1 

46.10    j 

8.456 

2.3 

41.60 

8.414 

2.5 

.33.86 

8.424 

2.7 

27.70 

8.440 

2.9 

19.62 

3.7 
1.9 

0 
51.88 

8.491 

Product. 


26.034 
6a  204 
75.692 
83.434 
86.970 
91.662 
96.577 
96.810 
95.680 
84.650 
74.790 
56.898 

0 
98.672 


Thi 


eter. 


aSee  wheel  Ko.  44,  p.  87. 


<»1». 


74 
74 
74 
71 
71 
71 
71 
74 
74 
63 


63 


71 


Bale. 


188L 

Jnly  12 

July  12 

Joly  12 

Jnly  6 

Jnly  6 

Jnly  5 

Jnly  5 

Jnly  5 

Jnly  5 

Jnly  6 

Jnly  IS 

Jnly  12 

Jnly  5 


Wheel  the  same  as  No.  8,  exoept  that  the  inolination  of 
making  the  angle  of  weather  22.5  degrees  at  onter  ends  of 
at  inner  ends  of  sails. 


iheaails  was  ehsng 
sails  and  32.5  degi 


Wheel  No.  6.— iZem^to  of  expwimtfnU. 


1 

Telocity  of 

wind  per 

hour. 

Load  ap- 
plied+0.3 
for  frioiion. 

Toms  of 
wheel  per 
minute. 

Product. 

Thermom- 
eter. 

Date. 

JTOm. 
8.373 
8.355 
8.348 
8.405 
8.317 
a  8. 368 

0.3 
1.5 
1.7 
1.8 
1.9 
1.3 
3.4 

69.03 
47.30 
44.00 
42.10 
38.28 
50.83 
0 

20.709 
70.950 
74.800 
75.780 
72.732 
66.079 
0 

32 
34 
34 
35 
35 
38 
33 

1882. 
Deo.     9 
Deo.     9 
Dec.     9 
Deo.     9 
Dec.     9 
Deo.     9 
Deo.     8 

a  When  reversed,  ao  as  to  present  its  bat^k  side  to  the  wind. 


RESULTS   OF   ORIGINAL    ESPEBIMENIS. 


.    (Sail 


.seS  sqiuie  fMt;  effioleiiii7,  0 


9r  of  wbe«l,  5  feet. 

id  baods  the  sftme  aa  in  wheel  No.  3. 

■of  Baila,  24.    Sails  of  liaeal  dimensioBB  a^  in  Hg.  13;  made  of  vhite-plne 

ree-aiiteentha  of  an  iiich  thick,  and  hinged  to  the  bands  ae  Id  No.  3. 

tin,  with  forward  edges  trimmed  to  aD  edge. 

kil  enrface,  10.686  square  feet. 

f  weather,  30  degrees. 
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Ite.  18.— Dtanensioiit  of 
aaflc  of  wheel  Ko.  8. 


Whbxi.  No.  7.—BeiulU  of  experimmU, 


Yelodtjof 

wind  per 

hoar. 

Loedaep- 
piled +ir3 

Pmmdt. 

Turns  of 

wheel  per 
miirate. 

Product. 

Thermom* 
eter. 

Date. 

JTOm. 

OF. 

1889. 

8.861 

0.3 

73.60 

22.080 

42 

Dm.    12 

8.880 

1.8 

62.60 

68.260 

39 

Deo.    12 

8.416 

1.6 

47.40 

71.100 

40 

Dec.    11 

8.869 

1.7 

40.74 

69.258 

40 

Deo.    12 

2.8 

0 

0 

42 

Deo.    12 

1 

Wheel  the  same  as  No.  6.  except  that  the  inclination  of  the  sails  was  chs 
making  the  angle  of  weather  25  degrees. 


RESULTS  OP  OSiamAL   EXPBBIUENT8. 
Whbrl  No.  B.—Rtiulii  0/ eiperimmU. 


TdMilT  of 

forftlotioD. 

TdTMof 

Prodoct. 

«er. 

Xfa. 

/^WMli. 

-F. 

8.333 

0.3 

83.67 

18.801 

8 

3U 

1.3 

46.83 

60.879 

48 

8 

403 

1.5 

44.23 

(i6.34o 

48 

8 

375 

1.7 

40.23 

88.391 

39 

8 

366 

1.9 

86.84 

68.996 

41 

8 

368 

2.1 

33.80 

68.880 

17 

8 

^4 

2.3 

27.70 

63.710 

47 

3... 

0 

0 

nta  iiwd«  DM«fflbeT  13, 1883. 

>  B&me  aa  No  6>,  except  that  tbe.inulioatloa  of  the  asilB  n 

angle  of  weather  36  degreei. 


Tetadtyor 

-Sir 

HE- 

TnnuDf 
wbMlper 
mlnnts. 

^^ 

WlM. 

rMMii. 

"F. 

8.374 

0.3 

8S.40 

19.020 

43 

8.361 

1.3 

49.73 

61.649 

38 

8.375 

1.5 

47.15 

70.726 

3» 

8.360 

1.7 

42.30 

71.910 

40 

8.384 

1.9 

38.20 

73.680 

40 

8.344 

2.1 

34.58 

73.618 

42 

8.323 

2.3 

30.70 

70.610 

42 

3.4 

' 

0 

nta  made  Deoember  14, 1882. 

B  tune  oa  N0.6,  except  ttiat  the  inoliuar.lou  of  the  anils  waa  cbanguil, 

angle  of  weather  32.5  degrees. 
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EXPERIMENTS  WITH  WINDMILm. 


Wheel  No.  10,— BesulU  of  experimenis. 

Velocity  of 

wind  per 

hour. 

Loads  ap- 
plied +  0.8 
for  friction. 

Turns  of 

wheel  per 

minnte. 

Product. 

Thermom- 
eter. 

Date. 

MOes. 

Pounds. 

OF, 

1882. 

8.347 

0.3 

72.23 

21.690 

34 

Dec.    15 

8.336 

1.1 

54.77 

60.247 

45 

Dec.    14 

8.329 

1.3 

53.30 

69.290 

45 

Dec.    14 

8.345 

1.5 

48.70 

73.050 

33 

Dec.    15 

8.358 
8.338 
8.351 

1.7 

1.9 

2.1 

3.25 

43.78 
39.33 
35.06 
0 

74. 426 

74.727 

73.626 

0 

34 
35 
39 

1 

1                       1 

Wheel  the  same  as  No.  6,  except  that  the  inclination  of  the  sails  was  chi 
making  the  angle  of  weather  27.5  degrees. 

Wheel  No.  11. — Beaults  of  experiments. 


Velocity  of 

wind  per 

hour. 

Loads  ap- 
piled +  0.3 
for  friction. 

Turns  of 

wheel  per 

minute. 

Product. 

23.280 
67. 132 
68.190 
67.184 
62.966 

Thermom- 
eter. 

MUest. 

8.415 

8.353 

8.391 

8.401 

8.410 

Poundt. 
0.3 
1.3 
1.5 
1.7 
1.9 
2.1 
2.3 

77.60 
51.64 
45.46 
39.52 
o33. 14 

0 

op. 
41 

39     ' 
40 
40 
41     1 

1 

0 

a  Started  slowly  and  with  difficulty,  though  well  balanced.    Once  needed  help  to  Ht-art. 
6  Ran  slowly  two  or  three  minutes  and  stopped. 

Experiments  made  December  18,  1882. 

Wheel  the  same  as  No.  6,  except  that  the  inclination  of  the  sails  was  ch: 
making  the  angle  of  weather  20  degrees. 

A  journal  friction  test  made  with  wheel  No.  11  by  hanging  a  If-onnce  weig 
a  thread  wound  around  the  ontsido  of  the  wheel  showed  that  tliis  weight  d 
overcome  starting  friction,  but  was  sufiQcient  to  accelerate  motion  after  the 
was  started  at  moderate  speed. 

Let  x  =  journal  friction,  at  1  foot  (12  inches)  from  axis. 
30  inches  =  distance  of  If-ounco  weight  from  axis. 

1.75x30  =  12  a;. 

X  =  4.375  ounces  =  0.2734  pound  :=  friction  of  journals  at  moderate  speed. 

The  journal  Motion  diminishes  somewhat  with  the  increase  of  speed,  alt 
authorities  give  the  same  coefficient  of  friction  at  all  speeds.  Some  variat 
journal  friction  is  also  dne  to  difference  in  weights  of  wheels  and  in  lubiic 
and  as  the  above  test  was  made  with  the  l)rake  removed,  we  have  conside 
approximately  correct  to  call  journal  friction  ^0.3  pound  in  all  cases.  See 
ever,  later  conclusions. 


BESOLTS   OF   ORIGINAL   EXP^HIMENT^. 
Whbsi.  Ko.  12.—Be»aUt  o/nftrimuOt. 


Loadap. 

s? 

ProdiMrt. 

TbeimoB- 
■Ur. 

MOa. 

8.105 

8. 386 
8.S78 
8.341 
8.J7e 

0.3 
.% 
1.1 
1.3 
1.6 
1.6 
1.7 

75.60 
68.18 
50,78 
<i43.8H 
J3B.42 

(0) 

0 

33.680 

B3.371 
55.858 
57,  (W4 
53.130 

'F. 

u 

w 

40 
41 
42 

0 

iKrp«d«l  auittuiiie  to  atart  In  aver;  inatanoe.  Ibongh  wit 

^nk  pcrhapn,  uf  one  larn  Id  ton  mlDDlua. 
'Kmhtwmlooteaimcl  iloppefl.  aflar  LarliiB  been  utarlHl  ainiDilmitPBpBini. 

Experimiinra  mude  Denerolior  19,  188^. 

Vhetl  tbe  aaiu«  b«  No.  6,  except  tbat  die  iDoUnatioti  of  tbe  Nail*  was  o)uui)cod, 
"^g  tbe  Migle  of  weather  15  degrees. 

Whirl  No.  13.— £m«I(i  a/  KtptriwiMU. 


'■&"' 

Loadap. 
pUeil  +  a.3 
for  MstioD. 

-Sr 

Prodnot. 

TheniinM- 
tor. 

Data. 

Jfiiw. 

P™ui.. 

°F. 

UBS. 

8.369 

0.3 

06.33 

16.699 

45 

Deo.    20 

8.377 

1.7 

37.13 

63.131 

45 

Dec.    19 

8.353 

1.9 

34.10 

64.790 

43 

Dvs.    20 

8.353 

2.1 

31.30 

66.730 

41 

Dec.    20 

8.407 

3.3 

28.70 

66.010 

42 

Dec.    20 

8.375 

2.5 

25.38 

63.450 

42 

Dec.    20 

8.328 

2.7 

20.63 

55.701 

44 

Deo.    20 

8.351 

2.9 

17.25 

60.025 

46 

Dec.    30 

3.1 

Deo.    30 

3.3 

(*) 

Deo.    20 

3.7 

,    0 

0 

Dec.    30 

^i«1  the  siune  as  No.  6,  except  that  tlie  inctination  of  thu  suiLi  was  changed, 

"i^lttiig  the  angle  of  weather  40  degrees. 
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EXPEBQIENTS  WITH  WINDMILLB. 


Whsbl  No.  li,^Be9ults  of  experimmU. 


Velocity  of 

wind  per 

hour. 

Load  ap- 
plied +  0.8 
for  fHction. 

Turns  of 

wheel  per 

minute. 

Produot. 

Thermome- 
Ut. 

MUen. 

Poundt. 

O-P. 

8.327 

0.3 

48.60 

14.580 

47 

8.335 

1.5 

33.60 

50.400 

46 

8.375 

1.7 

33.68 

55.556 

46 

8.393 

1.9 

29.88 

56.772 

47 

8.336 

2.1 

26.95 

.56.595 

46 

8.364 

2.3 

24.72 

56.856 

46 

8.427 

2.5 

21.82 

54.550 

46 

8.381 

2.7 

17.98 

48.546 

46 

8.409 

2.9 

15.10 

43.790 

46 

8.349 

3.1 
3.3 

12.47 

(a) 
0 

38.657 

46 

3.8 

0 

a  Ran  a  minute  or  two,  stopped,  and  afterwards  started  slightly. 

Experiments  made  December  21, 1882. 

Wheel  the  same  as  No.  6,  except  that  the  inclination  of  the  sails  was  cbang 
making  the  angle  of  weather  45  degrees. 


Wheel  No.  15. — Results  of  experimenU, 


Velocity  of     Load  ap- 
wind  per   i  ulied  -f  0.3 
hour.       f  for  friction. 


MiUt. 

8.444 

8.402 

8.429 

8.479 

8.457 

8.443 

8.440 

8.438 


8.406 


Pounds. 
0.3 
1.7 
1.9 
2.1 
2.3 
2.5 
2.7 
3.1 
3.3 
3.5 
3.95 


Turns  of 

wheel  per 

miuute. 


46.84 
29.36 
27.40 
25.30 
22.92 
20.17 
17.71 
10.20 

(«) 

(h) 

0 


Product. 


14.052 
49.  912 
52.600 
53.130 
52. 716 
50.425 
47. 817 
31.620 


0 


o  Turned  vory  slowly  and  irr©«;nlarly. 


Thermom- 
eter. 


30 
28 
30 
31 
33 
32 
33 
35 
30 
30 
35 


b  Barelj'  moved. 


Experiments  made  January  5  and  6,  1883. 

Wheel  the  same  as  No.  6,  except  that  the  inclination  of  the  sails  was  chai 
makin;^  the  angJe  of  weather  47.5  degrees. 


BESOLTfi   OF    OaiOINAL   EXPERIHEHTS. 
Wbhl  No.  ia.—Be»ulU  ef  txptrimfmU. 


TalMltT  it 

Louliip. 

nliul  +0.S 
iV  friction. 

Tarn,  or 
vh»l  Mr 

IrDdaot. 

TI«nun. 

etcr. 

1HI«. 

/*«*. 

-F. 

8.443 

0.3 

42,40 

13.730 

32 

8.441 

1.7 

37, 7S 

47. 175 

32 

9.440 

1.9 

24.92 

47.348 

30 

8.385 

a.  1 

23.27 

48.867 

30,5 

8.14T 

2.3 

30. 6T 

47. 514 

:« 

8.U9 

2.5 

18.45 

4G.125 

37 

6.GW 

3.7 

16.33 

43.821 

37 

8.4ae 

3.9 

«13.33 

35.757 

37 

(6) 
(e) 
0 

33 

8.357 

3.56 

0 

se 

8.126 

3.9 

0 

0 

36 

a  AlnHMt  naed«d  hslp  to  atut.  BDd  ones  iloppBd  wlthta  dm  mil 

h  Stopped  aRer  nmnlng  one  mlmiie. 

e  Stopped  ■fter  numlug  vtij  tloirlj  *  abort  thns. 

p«riiiienta  nude  Juinary  6  and  8, 1883. 

leet  the  same  aa  No.  6,  except  that  tbe  iDollnation  of  tbe  a 

ng  the  angle  of  weather  50  deyreee. 

CompataHM  rtt»ll»  witk  plain  (oil*. 


4 

B 

c 

° 

£ 

P 

O 

H 

I 

bML 

;:.«,? 

"zr 

Lo^ 

mlnato 
■tnuul. 

■nioDte 
tuloaded. 

Frodoata 
atmaii. 

Total  a*U 

XOa. 

Pound,. 

Poiuub. 

«,./(. 

1 

36 

8.412 

2.K 

1.6 

35.69 

69.08 

57.104 

9.190 

2 

35 

8.420 

3.81 

2.0 

33.43 

67.95 

66.860 

18.380 

12 

16 

£.341 

1.7 

1.3 

43.88 

75.60 

57, 0« 

10.688 

11 

20 

8.391 

2.3 

1.5 

45.46 

77.60 

68.190 

10.688 

7 

25 

8.416 

2.8 

1.5 

47.40 

73.60 

71. 10(1 

10.688 

to 

27.5 

8.358 

3.26 

1.7 

43.78 

72.23 

74.426 

10.688 

6 

30 

8.348 

3.4 

1.7 

44.00 

69.03 

74.800 

10.688 

9 

33.5 

8.361 

3.4 

I.O 

38.20 

66.40 

72.580 

10.688 

8 

3.1 

8.366 

3.55 

1.9 

36.84 

62.67 

69.996 

10.688 

13 

40 

8.352 

3.7 

2.1 

31.30 

r>i\.:i3 

65.  730 

10.688 

14 

45 

8.336 

3.8 

2.1 

26.95 

48.60 

56.595 

10.688 

15 

47.5 

8.479 

3.% 

3.1 

35.30 

46.84 

53.130 

10.688 

J"/ 

GO     , 

1"^ 

" 

2.1 

23.27 

4'2.4o\«.aei 

\"-"*\ 

42  EXPERIMENTS  WITH  WINDMILLS.  [m.)L 

No.  2  modeled  after  Halliday  10-foot  mill,  and  contained  60  sails  iS  inches  long 
and  3.56  inches  wide  at  outer  end. 
No.  1  contained  30  sails  18  inches  long  and  3.56  inches  wide  at  outer  end. 
Nos.  6-16  contained  24  sails  18  inches  long  and  5  inches  wide  at  outer  end. 

If  the  separate  tables  are  consulted,  it  will  be  found  that  in  making  out  the  com- 
parative table,  we  have  not  taken  the  highest  products  for  wheels  Nos.  6,  9, 10, 13, 
and  14;  in  column  H.  As  the  angle  of  weather  increases  fh>m  15  degrees  to  47i 
degrees,  the  loads  at  maximum  should  obviously  increase  or  at  least  shoald  not 
decrease  in  any  case  within  those  limits.  This  law  would  apparently  have  beeo 
violated  if  we  had  taken  the  highest  products  in  the  above-mentioned  cases.  So,  in 
Nos.  6y  9, 10, 13,  and  14,  we  have  taken  the  loads  and  products  imiqediately  preced- 
ing those  corresponding  to  maximum.  By  so  doing  we  made  column  E  appear  con- 
sistent with  the  law  of  increasing  loads  without  materially  changing  the  valnesof 
products  in  column  H.  For  it  will  be  noted  that  in  no  case  does  the  prodactwe 
have  set  down  in  column  H  fall  short  of  the  highest  we  might  haTe  taken  by  so  much 
as  unity. 

The  majority  of  the  slight  discrepancies  in  column  H  are  clearly  accounted  for  by 
the  variation  in  wind  as  shown  in  column  C.  But  in  Nos.  9  and  10  there  wae  evi- 
dently a  slight  fault  in  adjusting  the  friction  of  the  brake  to  the  load  appliei 
Slight  errors  of  this  nature  are  unavoidable,  although  they  may  be  reduced  to  » 
minimum  by  the  exercise  of  care  and  repeated  trials.     (See  page  27.) 

In  the  foregoing  experiments  seldom  less  than  six  measurements  were  made  for  the 
determination  of  each  product  and  sometimes  the  unsteadiness  of  the  wind  requiied 
many  more  trials  for  the  determination  of  a  product.    The  variations  in  wind,  thoogh 
not  great,  sometimes  made  a  difference  of  one  or  two  turns  of  the  whc»el  per  minute. 
The  indicator  which  registered  the  number  of  turns  of  the  wheel  was  not  originslly 
intended  to  indicate  fractions  of  a  turn,  although  the  fractional  turns  were  actually 
set  down  by  estimation  to  within  one-tenth  of  a  turn.    But  the  indicator  conld  not 
be  counted  on  as  absolutely  correct  to  within  less  than  half  a  turn,  so  that  an  error 
of  half  a  tarn  too  much  or  too  little  might  sometimes  account  for  a  variation  of  one 
turn  of  the  wheel.    Since,  however,  the  indicator  was  just  as  liable  to  make  tb^ 
fractional  error  one  way  as  the  other,  the  errors  in  average  results  would  be  prol^- 
ably  diminished  in  proportion  to  the  number  of  tests  from  which  the  averages  wex'^ 
deduced. 

The  indicator  consisted  of  a  toothed  wheel  which  was  thro¥m  in  contact  with  ^ 
worm  on  the  shaft  of  the  wheel,  and  the  teeth  were  liable  to  strike  the  worm  bo  ^ 
to  accelerate  or  retard  the  indicator  to  the  extent  of  half  the  pitch  of  the  teeth  o 
less. 

An  examination  of  the  several  tables  shows  that  there  are  generally  three  or  fo«:s 
consecutive  products  corresponding  to  different  loads,  none  of  which  vary  mac? 
from  the  greatest  product,  and  when  the  two  highest  products  are  nearly  identics^ 
as  often  happens,  it  requires  but  a  very  slight  error  in  any  one  of  two  or  thr"^ 
chances  for  variation  to  make  the  highest  product  correspond  to  either  of  two  cok 
secutive  loads. 


BBBUIAV  or  OBIGIMAI.  KZPBBIMKNTB. 
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Whbbl  No.  17.— Ilttiilff  •/  €xpeHmmU$. 

wind  p0r 
hoar. 

Loiida». 

nUed  +  OiS 

ftr  fHetlott 

Tuntof 

wheel  per 

aimite. 

• 
Prodtnot. 

ThanMsi- 
#er. 

JfSff. 

X^PWHttv* 

OF 

&302 

a3 

73.90 

22.170 

32 

8.379 

1.3 

53.82 

68.406 

30 

8.»8 

1.5 

46.55 

69.825 

30 

8.390 

1.7 

42.80 

72.760 

31 

8.408 

1.9 

38.70 

73.530 

31 

8.373 

3.1 

38.30 

69.930 

31 

8.400 

3.05 

0 

0 

32 

•8.391 

.3 

79.83 

23.949 

32 

•8.380 

1.3 

54.15 

70.395 

32 

•8.374 

1.5 

47.60 

71.400 

31 

•  &361 

1.7 

40.70 

69.190 

32 

aBercaned. 

cperlments  made  Jmanaaj  10  and  11, 1883.  • 

hflel  tlie  aame  as  No.  6,  except  that  the  sails  were  twisted,  making  the  angle  of 

ther  25  dagrees  at  outer  extremities  of  sails  and  35  degrees  at  inner  extremities 

idk. 

lie  twisting  made  the  sails  somewhat  conyex  on  the  front  side  and  concave  on 

rerersed  side. 

WmsL  No.  18. — RnulU  of  experimenU.  (a) 


Velocity  of 

wind  per 

hoar. 

Loedep- 
vlied  +0.3 
rorlHcthm. 

MiUM, 

Pounds. 

8.430 

0.3 

8.370 

1.3 

8.362 

1.5 

8.386 

1.7 

8.397 

1.9 

8.393 

2.1 

8.367 

2.3 

8.368 

2.5 

8.419 

2.7 

8.440 

3.4 

Tame  of 

wheel  per 

minnte. 

Prodoot. 

Themiom- 
eter. 

o/*. 

75.58 

22.674 

37 

53.48 

69.524 

37 

50.64 

75.960 

38 

48.08 

81.736 

38 

1      43. 31 

82.289 

39 

39.42 

82.782 

40 

1      33.65 

77.395 

39 

628.31 

70. 775 

40 

C21.83 

58.941 

37 

0 

0 

38 

a  Seo  table  on  p.  47. 

b  Started  slowly. 

e  Started  very  slowly— almoat  needed  help. 

!xperiments  made  Jannary  13  and  17,  1883. 

^eel  contained  24  sails  of  lineal  dimonsions  as  shown  in  fig.  14,  matle  of  wliite- 

9  boards  three-sixteenths  inch  thick,  beveled  on  forward  edges,  and  hinged  to 

bands  the  same  as  in  wheel  No.  6. 

>tal  area  of  sail  surface,  12.937  square  feet. 

igle  of  weather,  25  degrees. 
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EXPERIICENT8   WITH  WINDMILLS. 


Fig.  14.— Dimeniions  of 
of  wheel  No.  18. 


Wheel  No.  19.— BesulU  of  experiments,  (a) 


Velocity  of 

wind  per 

hour. 

plied  +0.3 
forfriotioii. 

Pounds. 

Turns  of 
wheel  per 
minate. 

Prodact. 

Thermom- 
eter. 

MUes. 

OF. 

8.375 

0.3 

72.26 

21.678 

33 

8.375 

1.3 

53.78 

69.914 

34 

*  8.466 

1.5 

50.32 

75.480 

28 

8.475 

1.7 

47.17 

80.189 

28 

8.379 

1.9 

44.48 

84.512 

29 

8.422 

2.1 

42.10 

88.410 

30 

8.439 

2.3 

38.20 

87.860 

31 

8.400 

2.5 

32.95 

82. 375 

31 

8.397 

2.7 

26.98 

72.846 

31 

8.392 

2.9 

22.03 

63.887 

32 

8.370 

3.1 

b  16. 03 

49.  «i)3 

32 

8.  329 

3.6 

0 

0 

32 

a  See  table  on  paf^e  47. 


h  "Ne«)AeA.  aA»V»\AVTiCfe  to  ftt&rt. 


■BSULTS  OF  OKIOUUL  EXFEBIHBNTS. 


lenU  made  January  18,  1883. 

Ihe  wuue  as  No.  18,  except  that  tlie  iuolination  of  tlie  sails  was  changed, 

le  uigle  of  we»th«T  2T.fi  degrees. 
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EXPEBIMKNTS  WITH  WINDinLLS. 


Wbxbl  No.  23.— iiflMlIf  iif  ^jq^eHmmU. 


Yelodtjof 

wind  per 

honr. 

LfMdap- 

pltod  +  OJ 

rarMoUoii. 

Tnnuof 

wheel  per 

miniite. 

Frodnot. 

ThenwRB- 
eter. 

MUm. 

PmmdM. 

OF, 

8.422 

0.3 

73.46 

22.038 

84 

8.420 

1.3 

55.60 

72.280 

30 

8.428 

1.5 

50.83 

76.245 

30 

8.486 

1.7 

47.64 

80.968 

30 

8.444 

1.9 

43.21 

82.099 

SO 

8.400 

2.1 

38.14 

80.094 

30 

8.402 

2.3 

34.30 

78.800 

31 

8.382 

2.5 

30.12 

75.300 

31 

8.434 

a  2.7 

24.23 

65.421 

32 

8.399 

3.65 

1 

0 

0 

82 

a  Needed  aeeistanoe  to  start. 


Experiments  made  Jftnaary  25, 1883. 

Wheel  the  same  as  No.  18,  except  that  the  angle  of  weather  was  25  degrees  at  on 
ends  of  sails  and  30  degrees  at  inner  ends. 


0OMPABI80N  OF  SSYEBAL  WHBELS. 


Whsbls  No4.  2  AND  50. — ResulU  of  ea^^^rimenU. 


No.of 
wlieel. 

Yelooltj  of 

wind  per 

hour. 

Loed  an- 
plied  +0.1 
lorfHction. 

Turns  of 

wheel  i)6r 

minute. 

Date. 

Miles, 

Pounds, 

188S. 

2 

11.022 

0.1 

77.75 

July   2 

2 

11.054 

3.3 

38.48 

July   2 

2 

10.926 

6.8— 

0 

July   2 

50 

11.093 

0.1 

77.45 

July   2 

50 

11.054 

3.3 

36.36 

July   2 

50 

10.981 

6.6 

0 

July   2 

Wheel  No.  50  was  No.  2  with  the  center  of  wheel  filled  in  by  a  cone  whose 
was  24  inches  in  diameter  and  whose  slant  height  was  18  inches.    Base  of  cone  re 
against  the  front  of  arms  of  wheel.     Cone  made  of  stiff  paper,  supported  by  ] 
wooden  frame. 


KESUL.T8  OF  ORIGINAL  EXPBBIMENTS. 
WesELe  ifoa.  IS  to  32.—ltetttlttofexperim«iitt. 


:-  iSsi'l^S^ 

Lota 

■pplled 

frictio" 

1 
Tnnnor   Prodnot 

Produotor 
maSmon. 

R.Ooof 

D»te. 

1    UOa. 

Pounlt. 
0.1 
l.S 
3 

0.1 
1.9 
8.3 
0.1 
1.9 
3.55 
0.1 

i.e 

77.13 
46.30 

0 
74  94 
39.57 

0 
70.78 
39.  ST 

0 
67.  B7 
38.72 

n 

Apr.  10 
Apt.  10 
Apr.  W 
Apr.  13 
Apr.  11 
Apf.  U 
Apr.  14 
Apr.  12 
Apr.  14 
Apr.  16 
Apr.  16 
Apr.  16 
Apr.  17 
Apr.  17 
Apr.  17 

IN         25      ,8.485 

69.300 

58.063— 

1.193 

lil         27.5  1     8.500 

TC.ISS 

aa.7iB+ 

,.^ 

20         30          8. 486 

76.753 

62.966— 

1.203 

lil  1      32.5       8.463 

73.568 

062.225= 

1.182 

23         35           8. 481 

2.1 
3.9 

31.96 

0 

87.186 

58.  »7— 

1.138 

aTtuxign^is 

lUcatHtb 

ttheDDn 

beriffiwle 

dDMd-Boa 

wreotioB. 

leae  wheels  differed  from  euob  other  only  in  unglee  of  voather. 
WuKKLH  Nofl.  24  TO  28.— /(««»«  of  fsperimenti. 


■bed.     -KtrnXb-    ",71?.,     +0-1  tor 
per  hour.    ft,,t,^. 


28 

32.6 

8.301 

28 

32.5 

8.379 

27 

35 

8.473 

27 

35 

8.401 

71 

35 

8.454 

8.426 
8.369 


76.38 
43.74 


69.00 
38.95 


73.853    a  60. 762— 


74.005    J  61. 902- 


2.439  1061.142— 


70.854  !d61.370+     1.154 


Apr.  ! 

Apr,  1 

Apr.  ' 

Apr. 

Apr.  I 

Apr.  I 

Apr.  : 


i  Wlad,  g.4BS  milH  per  bl 


amaeBV"^>*^' 


EXPEBIHENTg   WITH    WDIDim,L8. 


square  f«»(i  efficlem 


Wheels  Noh.  34  to  28  diftered  from  e&cb  other  onl;  in  sngltM  of  i 
hftviug  24  plain  sails  18  Inches  long,  7  inches  wide  at  outer  ends,  and  3 
at  inner  ends.    Wheels  otherwise  the  same  as  No.  6. 

Total  area  of  sail  snrfaoe,  16.000  sqaate  feet. 


BXBXJhTB  OF  ORiaiNAL   EXPERIMENTS. 
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Whsbls  Kos.  29  TO  dS.—EeBultB  of  experimmU. 


Xo.  of 
wheel. 


33 
83 
S3 
29 
29 
29 
30 
30 
80 
31 
81 
81 
82 
82 
32 


weath- 
er. 

TekMsity 

ofwlBd 

pwr  hour. 

o 

JTOm. 

25 

8.434 

25 

8.401 

25 

8.341 

27.5 

8.421 

27.5 

&406 

27.5 

8.454 

30 

8.848 

30 

8.429 

30 

8.399 

32.5 

8.407 

32.5 

8.418 

32.5 

8.422 

35 

8.410 

85 

8.454 

35 

8.444 

+0.1  for 
friotli 


Tome  of 

wheelper 

mlnow. 


0.1 

1.9 

3.5 

0.1 

1.9 

3.7 

0.1 

2.1 

4.0 

0.1 

2.1  j 

4.1 

ai 

2.1 
4.3 


75.46 
37.80 

0 
73.10 


Produet 
mum. 


71.820 


Prodoetof 

No.  9  at 
maKlnmm. 


Ratio  of 
prodoete. 


a62. 463— 


39. 10  ]  74. 290 


ft  61. 845— 


73. 815 


c62. 478-f 


0 

69.18 

35.15 

0 
66.73 
34. 94     73. 374  !  iI61. 864— 


I 


0 
62.90 
33.43 

0 


70.203 


f  61. 408-f 


1.150 


1.201 


1.181 


1.186 


1.143 


I 


Date. 


1883. 

Mar.  14 
Mar.  14 
Mar.  14 
Mar.  27 
Mar.  27 
Mar.  27 
Mar.  29 
Mar.  28 
Mar.  28 
Mar.  30 
Mar.  30 
Mar.  30 
Mar.  31 
Mar.  31 
Mar.  31 


a  Wind, 
hWhtd, 

IBB  20- 


S.406  milea  per  hoar.  0  Wind,  8.427  mUee  per  hour. 

8.410  mile*  per  hour.  d  Wind,  8.410  miles  per  hour. 

e  Wind,  8.440  miles  per  hour. 
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EXPEBIHEirrB  WITH   WmDHILLS. 


Wheels  Nob.  29  to  38  differed  frnm  each  otiier  only  in  uiglee  of  weather,  e>ch  hi 
ing  34  plalD.  «*tla  18  inofaes  long,  8iV  locbea  wide  at  enter  ends,  and  8A  Itiobe*  wi 
at  inner  ends. 

Total  area  of  sail  earfaoe,  17.016  aqnare  feet. 

Wheels  otherwise  the  same  as  No.  6. 

Dymuuometer  improved  hj  addition  of  auti friction  wheels  and  ■ 
adjaster,  Brat  n»ed  UarcU  13,  18S3,  with  wheel  No.  33. 


.1 


BE8ULTS  OF  ORIGINAL  EXPERIMENTS. 
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WmuBLS  No8.  19,  20,  and  ^.-^Reaulta  of  experimenU. 


I 


yaof 


Ani^le  of 
weather. 


1 

19 

19 

19 

20 

20 

20 

34 

34 

, . 

34 

27.5 
27.5 
27.5 
30 
30 
30 

25,35 
25,35 
25,35 


Teloeity 

ofwM 

per  boor. 


MiU9. 

8.471 
8.500 
8.455 
8.464 
8.486 
8. 475 
8.498 
8.502 
8.487 


Load 
«l>pUed 
+0.1  for 
frictloD. 


Poundi. 
0.1 

1.9 

3.3 

0.1 

1.9 

3.55 

0.1 

1.7 

3.5 


Turns  of 
wheel 

per 
mmute. 


74.94 
39.57 

0 
70.78 
39.87 

0 
76.47 
43.77 

0 


Product 
at  maxi- 
mum. 


75.183 


Product  of 

No.  2  at 
maximum. 


Batio 
of  prod- 
ucts. 


a62.719+ 


1.204 


75.753 


662.966— 


74.409 


1.203 


o61.655-f- 


1.207 


Date. 


1883. 

Apr.  12 

Apr.  11 

Apr.  11 

Apr.  14 

Apr.  13 

Apr.  14 

Apr.  19 

Apr.  18 

Apr.  19 


a  Wind,  8.499  miles  per  hour.        fr  Wind,  8.487  miles  per  hour.        c  Wind,  8.501  miles  per  hour. 

WheelB  Nos.  19, 20,  and  34  differed  from  No.  18  only  in  angles  of  weather. 
The  saild  of  No.  34  were  twisted,  making  angles  of  weather  25  degrees  at  outer 
ends  of  sails  and  35  degrees  at  inner  ends. 

Wheels  Nos.  35  to  38. — Results  of  experiments. 


Xo.  of 
wheel. 


38 
38 
38 
36 
36 
36 
35 
35 
35 
37 
37 
37 


weather.  ^^  ^^^^ 


Load 
applied 
-f  0.1  for 
friction. 


22.5 

22.5 

22.5 

25 

25 

25 

27.5 

27.5 

27.5 

30 

30 

30 


MiUs. 
8.524 
8.488 
8.521 
8.525 
8.499 
8.413 
8.413 
8.424 
8.445 
8.459 
8.477 
8.473 


Pound*. 
0.1 
1.5 
2.9 
0.1 
1.7 
3.1 
0.1 
1.7 
3.4 
0.1 
1.9 
3.6 


Turns  of 
wheel 

per 
roinute. 

Product 
at  maxi- 
mum. 

Product  of 

No.  2  at 
maximum. 

Ratio  of 
productH. 

• 

84.65 

52.51 

0 

78.765 

o63.802= 

1.235 

1  80.67 

47.05 
,     0 

79.985 

1 

562.a52—   1.273 

1 

76.78 

46.64 
0 

79.288 

c  63. 726— 

1.244 

!  73. 12 

1 

Date. 


40.41 
0 


76.779    I  rf  62. 928    ,  1.220 


1883. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr.- 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 


28 
28 
28 
26 
26 
26 
24 
25 
25 
27 
27 
27 


a  Wind,  8.488  miloH  per  hour. 
b  Wind,  8.500  milea  per  hour. 


cWind,  8.425  milen  per  hour. 
d  Wind,  8.478  miles  per  hour. 


^Vheels  Nos.  35,  36,  37,  and  38  contained  12  plain  sails  of  lineal  dimensions,  as  shown 
'^  fig.  19.  Each  sail  n)a<le  by  fastening  together  2  sails  of  No.  18.  Wheels  other- 
wise the  same  as  No.  18,  and  dififered  from  each  other  only  in  angles  of  weather. 

Total  area  of  sail  surface,  12.937  square  feet. 


BXFERIMBNTS   WITH   WINDMILLS. 
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RESULTS  OF  ORIGINAL  EXPERIMENTS. 
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^o.of 


41 

41 

41 

40 

40 

40 

42 

42 

42 

43 

43 


Fig.  19.— Dimeosions  of  baUb  of  wheels. 
Nod.  35, 36, 37,  and  88. 

Wheels  Nos.  40  to  43. — Besulte  of  experiments. 


Angle  of 
weather. 


25 

25 

25 

27.5 

27.5 

27.5 

30 

30 

30 
25,30 
25,30 


Velocity 
of  wind 
per  hoar. 


MiUs. 

8.461 

8.496 

8.496 

8.498 

8.459 

8.519 

8.491 

8.464 

8.475 

8.528 

8.476 


Load 
applied 
+0.1  for 
friction. 


/ 


43 1  25,30    /    8.495  i 


Pounds. 
0.1 
1.9 
3.45 
0.1 
1.9 
3.75 
0.1 
1.9 
3.9 
0.1 
1.9 
3.6 


Tama  of 
wheel 

Jyer 
nnte. 


84.70 
46.81 

0 
82.13 
45.74 

0 
77.95 
43.15 

0 
84.92 
45.92 

0 


Product 

at  max!- 

mam. 


Prodact  of 

No.  2  at 
maximam. 


88.939 


65. 474= 


86.906 


81.985 


87. 248 


62. 928= 


61. 180= 


62. 396= 
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BXPBRIUENTS   WITH   wmDUILLB 


inli 


Wiml  for  No.  3  the  BHinn  M  for  wheel  compHred  in  tt«oh  ease.  Wheels  conbuoB 
13  sugtilar  aoDoave  Bails  of  Uueat  dimensions  as  shown  in  flg.  21.  Each  sul  made  I 
fasteniug  togethei  two  sails  of  No.  18  at  an  angle  of  1%  degraes  so  ba  to  picaent  to 
cave  aarface  to  the  wind.  Wheels  differed  only  la  angles  of  weather.  The  sailH 
No.  13  were  twisted,  making  the  angles  of  weather  25  degroea  at  outer  ends  ef  u; 
nnd  30  degrpen  at  ioner  ends.    Total  area  of  sail  larftoe,  12.937  eqnare  feet. 


Fin.  20— Elerstton 


sesovn  of  original  expbbimbnts. 


WaxxLs  Nos.  40  to  42.— RmuK*  »/ exptrhtuntt. 


.V».»f     Angle  ofl  ^?S5'^    -PP^  Jh«,V': 

-h-i  ™^.r.  ^^£  ^%.  ''^^"ii;"^ 


11.023 
6.404 
11.  Ill 


TnniB  of    Prodnst     Prodi 


J5.07       38.577 
)5.45     182.ilj>r) 


37.5 
27.5 
27.5 
27,3 

27.  G 


1  60.27  .. 
106.78  ,,. 
33.90  I 


ID.  944 
6.454 
10.974 


59.13  \. 
103.50  1. 


I    Si.r*0 
187.291 


13/30      1 1. 


28.270=   1 

137.3104-    1 


■   1.377 
:   1.372 


a  Wlod.  ll.gsi  mllM  per  honi. 


F-± 


May  24 
Mnyi.'O 
May  24 
May  29 
May  21 
May  29 
Hay  U 
May  21 
May  14 
May  17 
May  U 
Mv31 
May  23 
May  23 
Ma;  23 
Ma;  22 
May  23    I 
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Whskls  N08.  36,  99,  40,  akd  ii.^-BesulU  of  experiments. 


..  of 

Anglo  of 
weather. 

Velooitj 

of  wind 

per  hour. 

Lotd 

•TSfl  for 
Motion. 

Toms  of 
wheel 

per 
minnte. 

'    " 

o 

JTOm. 

Pounds. 

:j5 

27.5 

8.413 

0.1 

76.78 

:i5 

27.5 

8.424 

1.7 

46.6'i 

:« 

27.5 

8.445 

8.4 

0 

39 

27.5 

8.472 

0.1 

64.52 

39 

27.5 

8.512 

1.9 

35.57 

39 

27.5 

8.431 

3.7 

0 

40 

27.5 

8.498 

0.1 

82.1.3 

40 

27.5 

8.459 

1.9 

45.74 

40 

27.5 

8.519 

3.75 

0 

44 

25,30 

8.482 

0.1 

84.88 

44 

25,30 

8.477 

1.9 

44.35 

44 

25.30 

8.475 

3.6 

0 

Product 
at  maxi- 
mum. 


Product  of 

No.  2  at 
roaximom. 


Ratio 

of  prod> 

ncU. 


79.288  063.726—  i  1.244 


67.583     63.660t= 


86.906 


84.265 


62.928= 


1.062 


1.381 


60.952= 


1.382 


Bale. 

1883. 

Apr.  24 

Apr.  25 

Apr.  25 

May    1 

May   1 

May    1 

May    3 

May    3 

May   3 

May    9 

May   9 
May    9 


a  Wind,  8.425  milen  per  hour. 

ni6el  No.  39  contained  12  sails  of  lineal  dimensions  as  shown  in  fig.  23,  made  by 

ling  to  the  sails  of  No.  35,  along  their  roar  edges,  strips  as  illustrated,  so  as  to 

sent  concave  surface  to  the  wind.    Hnt  the  line  a  b  was  considered  the  face  of  the 

I M  regards  angle  of  weather.    For  No.  40  see  previous  description.    Sails  angn- 

eoncave. 

Vheel  No.  44  was  the  same  as  No.  3  except  that  the  angles  of  weather  wore  25 

^rees  at  outer  ends  of  sails  and  30  degrees  at  inner  ends.    Sails  circular  concave. 


(^ 


t^S^^H- 


3— -* 


Fio.  23.— DimenaJons  of  saila  of  wheel  No.^. 
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BE8ULT8  OF  ORIGINAL  EXPEUHCENTS. 


53 


Ko.of 
wheel 


41 
41 
41 
40 
40 
40 
42 
42 
42 
43 
43 


Fio.  19.— Dimensions  of  sails  of  wheels. 
Kos.  86, 86, 37.  and  88. 

Wheels  Nos.  40  to  iS.—Beaultt  of  experiments. 


Angle  of 
we«ther. 


; 


25 

25 

25 

27.5 

27.5 

27.5 

30 

30 

30 
25,30 
25,30 


Velocity 
of  wind 
per  hoar. 


43  j  25,30 


I 


MiUi. 
8.461 
8.496 
8.496 
8.498 
8.459  ■ 
8.519  ' 
8.491  j 
8.464  : 

8.475  ! 
8.528  i 

8. 476  \ 

8. 495  I 

I 


Load 
applied 
+0.1  for 
friction. 


Pounds, 
0.1 
1.9 
3.45 
0.1 
1.9 
3.75 
0.1 
1.9 
3.9 
0.1 
1.9 
3.6 


Tarns  of 
wheel 


per 
minal 


ate. 


84.70 
46.81 

0 
82.13 
45.74 

0 
77.95 
43.15 

0 
84.92 
45.92 

0 


Product 

at  maxi- 

mam. 

Prodact  of 

Ko.  2  at 
mazimnm. 

Ratio 
of  prod- 
acts. 

1 

i 

88.939 

65. 474— 

1.358 

1 

'  86.906 

62. 928—     1. 381 
1   ...... 

1 

.... .... 

81.985 

61. 180= 

1.339 

Date. 


62.396=  I  1.398 


\ 


1883. 

May 

5 

May 

5 

May 

5 

May 

3 

May 

3 

May 

3 

May 

7 

May 

7 

May 

7 

May 

8 

May 

8 

Uvs 

^ 

\ 


EXP&BIHEHT8  WITH  WINUiaLLS. 


Pia.  2X.— EliTitl' 


It  BKtloD  ot  vhHl  Ho.  IS.    (RbII  UDi,  ll.l»iqiu 


Wheels  Sua.  45  to  49  difFered  ftoiu  each  other  ouly  in  angles  of  nealher,  not 
tniued  six  sails  of  lineal  dimeDsions  an  showo  in  6g,  26.  ^ails  were  made  by  g 
together  several  layers  of  paper  which  formed  pasteboard  abont  one'Stiteei 
■n  inch  thick.  The  backs  of  front  and  rear  edg^'S  of  oncb  sail  were  bordered  b; 
pioe  itripB.  Bocks  of  outer  edges  of  sails  were  likewise  bordered  and  held  in 
by  stiff  cnrved  pine  pieces.  The  inner  end  of  each  sail  was  fastened  secorel 
thick  carved  pine  piece,  which  whs  bolted  against  tbe  outer  end  of  a  short  asli 
so  that  the  sail  ooald  be  turoeil  uii  the  bolt  aud  set  at  >iny  desired  angle  of  wei 
Thos  tbe  arms  did  not  extend  beyond  tbe  inner  ends  of  tbe  sails.  Tlie  outc 
ners  of  eiuih  esil  were  held  in  piisition  by  two  fine  brass  wires  extending  to  the 
inner  oomei  of  the  succeeding  sail.  The  front  and  rear  edges  also  cnrreil 
wJiat,  no  that  tiie  sails  presented  double  ooucii'JesMTtaceaUiUiis'Biud.  In  cons 
ing  these  whoeig  we  aimed  at  avoiding  all  uniieceiiBiT^  (A>aW:aot\oTiW\te^»» 
triod  betweea  tbe  aaUs, 
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No.  of 
wheel. 


41 
41 
41 
40 
40 
40 
42 
42 
42 
43 
43 


Fio.  19.— Dimensions  of  sails  of  wheels. 
Kos.  86, 36, 37,  and  88. 

Wheels  Nos.  40  to  43.^B€9ult9  of  experiments. 


Angle  of 
weather. 


25 

25 

25 

27.5 

27.5 

27.5 

30 

30 

30 
25,30 
25,30 


Velocity 

of  wind 

per  hoar. 


MiUi. 

8.461 

8.496 

8.496 

8.498 

8.459 

8.519 

8.491 

8.464 

8.475 

8.528 

8.476 


Load 
applied 
+0.1  for 
friction. 


43/25,30    /    8.495 


I 


Pounds. 
0.1 
1.9 
3.45 
0.1 
1.9 
3.75 
0.1 
1.9 
3.9 
0.1 
1.9 
3.6 


Turns  of 

wheel 

per 

mmute. 


84.70 
46.81 

0 
82.13 
45.74 

0 
77.95 
43.15 

0 
84.92 
45.92 

0 


Product 
at  maxi- 
mum. 


Product  of 

Ko.  2  at 
maximum. 


88.939 


65. 474= 


Ratio 
of  prod- 
ucts. 


Date. 


1.358 


86.906 


81.985 


87.248 


62.928=     1.381 


61. 180= 


1.339 


62. 396=     1. 398 


1883 

t 

May 

5 

May 

5 

May 

5 

May 

3 

May 

3 

May 

3 

May 

7 

May 

7 

May 

7 

May 

8 

May 

8 

IJUi 

% 
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lectangnUr  piece  of  pine  1  by  1^  by  17  iacbee  waa  &iteiied  to  make  an  obsbnetioi 
rapreaentliig  an  ezlenBion  of  the  arm,  as  [llnatratftd  in  Bga.  28  and  29, 
The  relative  efBoiancj  of  No.  60  as  oompared  with  No.  61  1b  indicated  bj  Ik 

107.360  _,^„ 


luof  vbHllfD.  eo.    (Siiiliir«,li.lWtqiiii«feet;Bfflcienc;,  0.2X1 


■(■1  BHOLTS  or  OBIGIHiX  EXFEUIMSMTH. 


knd«MUaaof«bMlNo,BI.    {S^uu,  U.IW  iqiun  feet;  dBclenoy.a.U 
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[laft 


FlQ.  20.— Dimensions  of  sails  of 
•  wheol  No.  61  with  obstruction 
on  back. 


WiiKRLS  Nos.  2,  49,  AND  53  TO  57,— Results  of  experiments. 


No   of 
wheel. 


Anele  of 
deflect- 
or. 


5-1 
53 
55 
2 
2 
56 
57 
49 


30 
45 
60 


50 
50 


Velocity 

of  wind 

per  hour. 


Miles. 
10. 989 
11.156 
10. 985 
11.007 
10. 975 
10.968 
11.054 
11.032 


Loads 

applied 

+  0.1  for 

friction. 


Pounds. 
0.1 
0.1 
0.1 
0.1 
3.3 
3.3 


3.5 
3.5 


Turns  of 

wheel  per 

minute. 


Date. 


79.40 
81.80 
80.52 
77.57 
37.83 
40.63 
62.63 
64.22 


1883. 
July      3 
July      3 
July     3 
July 
July 
July 
July 
July 


3 
5 
5 
d 
5 


Wheels  Nos.  53,  54,  55,  and  56  were  the  No.  2  wheel,  with  stationary  rectangalft^ 
board,  |  by  9|  J  by  22  inches,  placed  in  front  of  sails  and  with  its  face  set  at  varioaK 
angles  with  plane  of  wheel,  as  indicated  in  table,  to  act  as  deflector.  Board  sup- 
ported by  arm  outside  of  wheel  on  side  farthest  from  axis  of  sweep;  its  lower  e(lg<' 
at  height  of  axis  of  wheel,  horizontal,  and  parallel  to  plane  of  wheel.  Inner  end  of 
board  9  inches  from  axis  of  wheel  prolonged. 

Wheel  No.  57  was  wheel  No.  49,  with  the  same  board,  described  above,  similarly 
used  as  deflector,  except  that  its  lower  edge  was  placed  so  as  to  clear  the  forward 
edges  of  sails  by  about  2  inches  at  each  end. 
In  the  case  of  Noa.  53  to  56  the  center  of  boiitd  tV«>\\«kCtv3"t  'w^ja  ^\)o\i\.  1  vwches  from 
center  of  sails. 


BEST  AVGLE  OF  WEATHBB. 
Wbrrls  Nob.  a,  49,  SI,  63,  68,  akd  SO.—Bemlt$  iff  mptrtm»nU. 


r 

.2: 

pertumr.      .^u^. 

Dim. 

! 

««M.      j  Poundt. 
11.141     I       0.1 
11.130            O.I 
11.045    ,      0.1 
10.966    i      3.6 
10.973    1      3.6 
10.978    1      3.5 
1 

78.68 
75.73 
76.16 
64.53 
56.54 
60.06 

im. 

July  3 
Jnly3    ! 
Julys    i 
jDly6    i 
Julys 
July  5 

1        51 
52 

B«rore  .. 
Behind.. 

58 
59 

Before.. 
Behind.. 

;1  No.  51 1TM  No.  2,  with  leetan^Iar  boftrd  i  by  9fj  by  23  inches  pUoed  hori- 

y  in  front  of  the  aide  of  wheel  farlheat  from  Rxle  of  tweep,  its  face  parallel  to 

if  wheel  ao  aa  to  act  aa  obatmctloD  to  wtnd.     Board  held  at  its  oater  end  by 

t)f  an  itrm  ontaide  of  wheel. 

\aco  fioni  board  to  centers  of  sails,  8  inches. 

ince  from  inner  end  of  board  to  axis  of  wheel  prolonged,  9  inohes. 

il  Ko.  52  woB  the  aame  aa  No.  61,  except  that  the  board  waa  plaeed  H  inchea 

centers  of  sails. 

>l  No.  58  was  No.  49,  with  obstrution  board  above  deacribed  similarly  placed, 
ea  in  ftont  of  centers  of  sails, 
gl  No.  59  waa  the  aame  aa  No.  58,  except  that  the  board  wae  placed  HI  inchea 

ceutera  of  sails. 

BAILS  AT  BEST  ANGLES  OF  WBAXHStB. 
IfficUncy  o/tariou*  vind  lehteU  at  bett  anglet  qfw»ath*r. 


i 
l 

i 

il 

f 

li 

i! 

1 

li 
I 

i 
1 

f 
1 

,.ft. 

. 

jffi,,. 

U,- 

7,6.. 

,.ll- 

IW 

* 

1.380 

3S 

e.m  '69.0 

4.1 

31.675 

83.463 

82.403 

1 

I.ODO    0.0544 

"r 

l-MT 

!7.5 

3.2 

3B.S7 

75.1B3 

82.TID 

1.201  '  .0931 

=.H 

'.137 

25.35 

8.503 

78.  S 

a.i 

4a.  77 

71.4D0 

81.855 

1.207,  .0»M 

21  0 

aifi 
Ma 

.ana 

CT.S 

a,  (26 

72.  T 

3,4 

M,s; 

73.853 

80.702 

1.212 

.0808 

.018 

27.5 

8.406 

7B,0 

3-11 

38  10 

■H.330 

81.845 

1.20L 

.0700 

;.«n 

27.5 

8,421 

77.  P 

3.3 

40.  M 

70.288 

83.728 

1.2M 

.„ 

:.»3T 

!S 

8.499 

B0,0 

3.0 

47-05 

7».ge8 

82.862 

1.213 

.^ 

..59U 

29,  3» 

S.477 

BS,0 

3.5 

44.35 

84.255 

DO.  053 

1.382 

l,»37 

27.5 

9.459 

BI,S 

3,8 

45.74 

as.  908 

82.928 

1.3BI 

.im 

■.037 

15.30 

5  470 

M,E 

3.5 

45.  n 

8i.a« 

83.  m 

,.« 

l.»v 

V 

■■f 

K  a'w  ■  */ 

'^'^hl 

., 

" 

88.79 

UJ.m 

r- 

V-v™\^\ 
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The  velooities  of  wind  given  in  this  table  are  strictly  oorrect  only  for  prodnctBat 
maximum,  though  they  are  very  nearly  correct  also  for  products  of  No.  2  at  mui- 
mnm.  The  velooities  of  wind  are  only  approximately  correct  for  tarns  of  whe«b 
unloaded  and  for  starting  forces.  Nothing  was  added  to  starting  forces  for  frietion, 
and  the  0.1  pound  was  added  to  starting  forces  in  preceding  tables  only  for  con- 
venience.^   For  further  particulars  consult  preceding  tables. 


BELATIONS  OF  THBEE  DIFFEBKNT  YELOGITIES  OF   WIND. 
Halation  of  different  velocities  of  mnd  to  maximum  products. 


Angle 
weaUier. 

No.  of 
wheel. 

Wind  per  hour. 

Product  at  maxi- 
mum. 

a 

ar 

B 

A 

f-0' 

1                 j 

a 

6 

A 

B 

n4/ 

< 

o 

irOM. 

MUes. 

t 

f         ^ 

0.871 

8.459 

20.290 

02.928 

L82a- 

2.343 

2.394 

+0.053 

6L571 

35 

2 

8.450 

11.041 

02.928 

135.498 

1.805+ 

2.223 

2.163 

—  .070 

139. 6» 

I         2 

0.371 

11.041 

28.290 

135.498 

1.738 

5.199 

5.164 

—  .045 

m« 

(        *® 

0.371 

8.459 

30.190 

88.900 

1.328— 

2.342 

2.401 

+  .059 

8i7S7 

27.5 

40 

8.450 

11.041 

88.900 

185.850 

1.305+ 

2.223 

3.1^ 

—  .084 

193.192 

[       40 

0.871 

11.041 

30.190 

185.850 

1.733 

5.190 

6.186 

—  .064 

188.152 

[        ^^ 

0.459 

8.490 

38.577 

88.939 

1.315+ 

2.274+ 

2.306 

+  .032 

87.731 

25 

41 

8.490 

11.022 

88.939 

182.065 

1.297+ 

2.182 

2.067+ 

—  .125 

1M.065 

I        41 

0.469 

11.022 

38.577 

182.985 

1.700+ 

4.965+ 

4.748 

—  .222 

191.535 

[        ^^ 

0.429 

8.404 

35.580 

81.085 

1.317+ 

2.284+ 

2.904+ 

+  .020 

81.265 

80 

42 

8.404 

10.997 

81.985 

187.294 

1.209+ 

2.192 

2.284+ 

+  .002 

179.711 

42 

0.429 

10.997 

35.580 

187.294 

1. 707+ 

4.974 

5.264 

+  .280 

171975 

1 

Conclusion, — Maximum  products  vary  as  the  cubes  of  the  velooities  of  wind.  Some 
allowance  must  be  made  for  the  differences  in  time  and  condition  of  air  under  which 
tho  various  products  were  obtained;  considering  these  differences,  there  is  nonnac- 
countable  variation  from  the  law  of  cubes. 

Relation  of  different  velooities  of  wind  to  starting  forces. 


^^«1«    i    No.  of 
weather.     ''^'^^' 


35 


27.5 


25 


30 


2 
2 
2 
40 
40 
40 
41 
41 
41 
42 
42 
42 


Wind  per  hour. 


MxUm. 

6.380 

8.405 

6.380 

6.403 

8.519 

6.403 

6.404 

8.496 

6.404 

6.411 

8.475 

6.411 


Starting  forces. 


B 


8.405 
10. 989 
10.989 

8.519 
10.944 
10.944 

8.496 
11.111 
11.111 

8.475 
11.063 
11.063 


Pounda. 
2.3 
4.1 
2.3 
2.0 
3.65 
2.0 
1.9 
3.35 
1.9 
2.2 
3.8 
2.2 


6 
a 


(I)' 


B 
A 


Pounds. 
4.1 
7.0 
7.0 
3.65 
6.2 
6.2 
3.35 
5.5 
5.5 
3.8 
6.8 
6.8 


1.319— 

1.307 

1.722 

1.330 

1.285 

1.709 

1.327— 

1.308— 


1.735 

3.010 

1.322 

1.748 

1.305— 

1.703 

1.725 

2.976— 

1.783 
1.704 
3.043 
1.825 
1.699 
3.100 
1.763 
1.642 
2.895 
1.727 
1.789 
3.091 


Conclusion, — StartiDg  forces  vary  as  the  sqwareB  of  t\i^  Nc\oe\\»\^%  oi-wo^^. 


>  See  starting  foxcea, ''  S,"  p.  ^- 
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of 

c  rr 


H\ 


Rdatiou  ofdigermi  v$looUim  af  wind  to  $peed  cf  unloaded  wheeU, 

1 

Aoicle  of 

NoA.of 
wheela 

• 
Wind  per  bmir. 

Turns  nnlcMided. 

h 

a 

B 

weather. 

a 

h 

A 

B 

A 

1 

1 

0 

JTOm. 

JTOm. 

1 
1 

2 

6.437 

8.511 

43.78 

59.62 

1.322 

1.362 

35 

2 

8.511 

10.996 

59.62 

78.68 

1.292 

1.320 

1 
» 

2 

6.437 

10.996 

43.78 

78.68 

1.708 

1.797    1 

! 

40 

6.372 

8.498 

60.27 

82.13 

1.334 

1.363 

27i 

40 

8.498 

10.890 

82.13 

106.73 

1.281 

1.300 

40 

6.372 

10.890 

60.27 

106.73 

1.709 
1.313 

1.771     ' 

41 

6.444 

8.461 

>65.33 

84.70 

1.296 

25 

41 

8.461 

10.963 

84.70 

111.  10 

1.296 

1.312 

1 

41 

6.444 

10.963 

"65.33 

111.  10 

1.701 

1.701 

42 

6.464 

8.491 

59.13 

77.95 

1.316 

1.318 

30 

42 

8.491 

10.974 

77.95 

103.50 

1.292 

1.328 

1 

1 

1 

42 

6.454 

10.974 

59.13 

103.50 

1.700 

1.750 

'  Too  great  becMiM  of  oataide  wind  and  perhaps  other  causes. 

C^uiuHon. — Speeds  of  unloaded  wheels  increase  in  somewhat  greater  ratio  than 
the  Telociiies  of  wind. 

All  wind  wheels  tested  were  5  feet  in  external  diameter,  and  all  sails  were  18 
inehce  long  except  in  the  case  of  Kos.  46  to  49  and  Nos.  60  and  61,  in  which  wheels 
the  sails  were  19  inches  long,  1  inch  heing  added  for  support  at  inner  ends. 

AUTOMATIC  BRAKE  ADJUSTER. 

On  March  13, 1883,  the  dynamometer  was  improved  by  the  addition 
of  an  antoms^ic  brake  adjuster.  Previons  to  this  date  the  brake  was 
adjusted  as  described  on  page  23  through  regulating  the  teusion  of 
the  adjusting  cord  by  sliding  a  weight  in  and  out  on  a  lever  attached 
to  the  cord. 

This  method  required  time  and  patience  in  order  to  get  an  exact 
balance  between  the  load  applied  and  the  friction  of  brake,  and  it  was 
a/so  necessary  to  exercise  judgment  in  determining  when  the  balance  was 
exactly  even.  Furthermore,  an  exact  balance  was  not  always  retained 
doriD^  a  test  of  one  minute,  as  required  for  accuracy,  and  frequent 
readjnstments  were  constantly  necessary.  The  labor  involved  in  adjust- 
ing and  maintaining  a  proper  balance  of  friction  and  load  became  very 
tiresome  when  kept  up  for  from  six  to  eight  hours  continuously,  as  was 
frequently  the  case;  and  weariness  was  detrimental  to  the  perceptions 
SkS  well  as  to  the  judgment.  Therefore,  an  automatic  adjuster  became 
very  desirable,  both  for  relief  to  the  mind  and  for  the  increase  of 
acenracy. 

The  automatic  brake  adjuster,  after  various  attempts  and  failures, 
veas  finally  constructed  as  follows:  The  brake-and  adjusting  cord  were 
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^-^r>9BUOEt]aZ?7  M  pn I  wmilr  4escnbed  ok  pagp  23;  but  one  end 
r/f  »  Mor;  ro^  tkftit^EitetEfijiu  iaek  is  dTif  rtr  vas  attached  to  the 
^jfii  vlk^T^  i:  -TjM  bnm^i  back  fron  tbe  bnke  in  a  direcrtiiHi  panDel 
Uf  tL«  aiU  <rf  tb&  ftfaaft.    Tk  oc&er  end  of  this  rod  liad  a  fall  thread, 
^  trj  tu  :M;h.  and  a  aat  vhkh  va«  fiutCAed  to  a  voodcn  wheel  A,  ^ 
ittthtm  io  diameter.    This  vhcel  vat  sappottcd  on  a  hoUow  tube  throagh 
vb iefa  t  be  TfMi  foaeed,  and  against  the  ooter  end  of  which  the  not  rested. 
The  not  emninanieared  tension  to  the  adjusting  cord,  which  was  tights 
eoed  hj  rerolTifig  the  wheel  A  in  one  direction  and  loosened  by  tnrn- 
in^  the  wheel  in  the  oppoiate  direction.    This  wheel  J.  was  driven  by 
a  small  wheel  B,  1|  inches  in  diameter,  fiutened  to  a  large  wheel  C,  5 
inches  in  diameter.    This  wheel  C  was  driven  by  amyther  small  wheel 
/>,  l-S  inches  in  diameter,  fastened  to  a  large  wheel  E,  4  inches  in 
diameter,  the  periphery  of  which  was  constantly  in  contact  with  another 
wheel  F  of  tbe  same  dimensions.    The  wheels  E  and  F  were  supported 
b^'  a  tilting  frame  which  oscillated  on  a  supporting  rod  passing  tbroogh 
the  centers  of  the  wheels  B  and  C,  bnt  not  touching  them.    Tbe  wheels 
E  and  F  bung  in  close  proximity  to  tbe  rear  end  of  wind  wheel  sbaft^  l^^ 
incbes  in  diameter,  so  that  a  slight  movement  of  the  tilting  friime  would 
bring  eitber  of  the  wheels  IT  or  f*  in  contact  with  the  shaft;  and  if 
wbeel  E  came  in  contact  with  the  shaft  while  revolving,  the  adjostiDg 
c^^rd  woald  be  drawn  tighter,  and  if  wheel  l^came  in  contact  with  tbe 
sbaft,  tbe  tension  of  tbe  cord  would  be  relaxed.    Tbe  tilting  frame  was 
ciMinected  witb  tbe  brake  and  partook  of  its  oscillating  motion,  so  that 
if  tbe  friction  of  tbe  brake  was  too  small  to  lift  tbe  load  applied,  wheel 
E  woald  be  in  contact  witb  the  sbaft  and  would  cause  an  increase  in 
tbe  friction  of  tbe  brake  until  the  load  was  lifted  and  contact  between 
wbeel  E  and  the  shaft  broken.    If  the  friction  of  tbe  brake  was  too 
great,  the  load  applied  was  raised  until  wbeel  Pcame  in  contact  with 
the  Hhaft  so  as  to  cause  a  diminution  of  friction  until  contact  of  wheel 
/"'  witb  the  shaft  was  broken.    It  was  very  easy  to  tell  at  any  time  if 
friction  of  brake  was  too  little  or  too  great,  by  simply  watching  the 
direction  of  movement  of  wheels  E  and  F.    This  did  not  require  the 
exercise  of  judgment,  as  errors  of  balance  were  greatly  magnified  to 
the  eye  and  made  self-correcting.    All  contacts  between  the  various 
wheels,  A,  /^,  0,  />,  Ej  Fj  and  shaft  were  frictional.    Wheels  By  (7,  were 
entirely  HUi)ported  by  contact  of  peripheries  with  wheels  A  and  J>,  and 
wheel  E  was  so  hung  to  a  separately  hinged  support  that  its  own  weight 
piodiieed  a  uniform  pressure  against  wheel  F.    The  entire  automutic 
system  was  sup])orted  independently  of  the  brake;  the  coimection  with 
th<^l)rak<^  served  only  to  ^ive  the  necessary  oscillatory  movement  to 
tlM^  tilting  frame,  which  was  also  bjilaiiced  both  as  regards  the  action 
of  >;ravity  and  centrifugal  force  wlien  the  sweep  w^as  in  motion. 

Home  power  of  the  wheel  was  necessarily  consumed  by  the  auto 
niatie  adjuster,  but  it  nuiy  be  ascertained,  from  the  description  and 
f/wn^/isJoiis  ^ivimj  that  a  point  iu  tbe  \v\ud \\WvA  V  ^v^\,  ^\Q\xi  >^v^  viK^^^"^ 
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£^  J  of  shaft  wonld  move  in  tightening  the  adjosting  cord  about  67,019 
tmes  as  far  as  the  threaded  rod  attached  to  the  cord;  from  this  it 
hVows  that  the  pressure  of  the  brake  against  the  cylinder  was  67,019  x 
16=1,072,304  times  as  great  as  the  force  required  at  1  foot  from  the 
center  of  shaft  to  produce  the  pressure,  without  considering  the  friction 
of  the  automatic  system.    And  if  we  make  the  very  liberal  allowance 
of  one-third  additional  force  required  to  overcome  the  friction  of  the 
automatic  system  and  call  the  friction  of  brake  0.0£i  of  pressure,  remem- 
bering that  the  diameter  of  cylinder  was  5^  inches,  we  may  readily  find 
that  the  force  required  to  produce  friction  of  brake  equal  to  any  load 

would  be  only  about  Tsiri  P^^^  ^^  ^^^^  ^^^  ^^  ^^^  same  distance  from 
center  of  shaft.  Hence,  it  will  be  seen  that  the  power  consumed  by 
the  automatic  brake  adjuster  ^as  too  minute  materially  to  aftect  prod- 
ucts and  called  for  no  correction. 

THSOBT  OP  THE  ACTION  OF  THE  WIND  UPON  THB  SAILS  OP  WINDMILLS. 

Where  a  fluid  moves  along  in  a  current,  the  direct  force  of  the  cur- 
rent is  expressed  in  pounds  by  t;he  formula  Mv,  in  which  v  represents 
the  velocity  of  flow  in  feet  per  second  and  M  is  the  mass  of  fluid  which 

W 
flows  per  second  past  a  fixed  point.    M=  ~- ,  W  representing  weight  in 

pounds  of  fluid  passing  the  fixed  point  per  second,  and  g  =  32.2,  the 
constant  for  gravity.  ' 

Where  a  current  acts  against  a  surface  and  its  direction  is  simply 
changed  by  the  surface  without  impeding  its  velocity,  a  direct  pres- 
sure =  Mv  is  exerted  by  the  impinging  current  in  the  direction  of  its 
motion,  and  an  equal  pressure  is  exerted  by  the  current  as  it  escapes 
from  the  surface,  =  Mv^  in  a  direction  opposite  to  the  direction  of 
escape. 

If  the  current  impinges  against  a  surface  which  is  itself  in  motion, 
the  relative  velocities  of  the  impinging  and  escaping  currents  must  be 
considered  in  determining  the' forces  which  act  upon  the  moving  sur- 
fiMse.  Of  the  two  equal  forces  due  to  impingement  and  escape  of  cur- 
rent the  sum  of  those  components  acting  in  the  direction  of  motion  of 
the  surface  constitutes  the  useful  eflort  designated  by  P,  and  if  the 
velocity  per  second  of  motion  of  surface  is  called  if,  the  useful  work 
yielded  per  second  by  the  current  will  be  represented  by  Pu,    The 

actual  energy  of  the  current  is  represented  *  by  -t>-  =-0:,  .  The  ratio 
of  useful  work  to  actual  energy  is  termed  efficiency,  and  is  repre- 

sentiMl  ^  by  the  symbol  1  —  A;  =  Tir^f  • 

In  deducing  formulsB  to  represent  the  action  of  wind  upon  the  sails 
of  windmills  we  have  proceeded  upon  the  assumption  that  the  sail 

1  See  Rankine's  Steam  Engine,  articles  14  and  144,  Case  III. 
>  See  Ranklne*B  Steam  Engine,  article  31. 
'  See  Rankino's  Steam  Engine,  article  02. 
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should  be  of  sach  form  as  most  effectually  to  chaoge  the  air  corrent 
into  a  direction  as  nearly  as  possible  opposite  to  the  direction  of  the 
sail's  motion.  We  have  also  assumed,  in  accordance  with  principles 
stated  by  Bankine  concerning  the  action  of  water  on  vanes,  that  the 
receiving  edge  of  the  sail  should  be  tangent  to  the  relative  direction  of 
the  impinging  current.  These  conditions  are  represented  in  fig.  30,  in 
which  DJB  =  v=s  direction  and  velocity  of  wind,  AE  =  u  =  direction 
and  velocity  of  sail^^and  a  =  angle  DEA^  which  the  direction  of  wind 
makes  with  direction  of  motion  of  saiL 

Then,  DA  ==  relative  direction  and  velocity  of  current  with  reference 
to  sail  AB. 

Let  BO  =  AD  =  relative  direction  and  velocity  of  current  as  it 
escapes  from  the  sail.  ' 

/3  =  angle  BOF  which  relative  direction  of  escaping  current  makes 

with  dire(*.tion  of  sail's  motion. 

Then 

DC=v  sin  a. 

AC=iU^v  cos  a. 

AD=  V  v^  sin*  a+(u—v  COB  a)K 
0F=  OB  cos  /3=AD  cos  p. 

0^=cos/?Vt?*sin»a+M«-2wf?cosa+f?'co8»». 
0F=  cos  /3  ^/v»+u*^2uvcoBa. 

If  Q=  volume  in  cubic  foot  of  air  acting  on  sail  in  1  second,  and  d= 
weight  in  pounds  of  1  cubic  foot  of  air,  we  have  for  useful  effort 

P^^iOF-AO). 
9 

-P=-^[cos  ^Vw*+t;*— 2wr  cos  ^r— w+t?  cos  or]. 
9 


Fig.  80.~Acti<m  of  wiod  on  a  sail. 


The  expression  for  useftil  work  becomes 

Fu^  -^  [w  cos  /?  y/u^^v^^2  uv  cos  a-^u^+uv  cos  a]. 
g  ^ 

Dividing  by  -s-=  -?—  ^^  have  for  eflBciency 

if 


(A) 


i->j-=^^cos/?Vl  +  ^-2^ 


.v? 


V 
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l—k='2x  cos  pVl+j'—)ixci 


titntitig  —  coe  y  for  cos  fi  in  formula  (A)  the  expressiou  for 
i8  tlie  uame  as  formnla  (6)  ou  page  165  of  Kaiikiue's  Steam 

in  expression  for  x  oorreapoDding  to  maximnm  effloiency,  for 
Inea  of  a  and  /}  vould,  as  Bankine  remarks,  be  more  troable 
Tortb.  Bat  in  the  case  of.  the  windmill  we  know  that 
tich  makes  cos  a=0.    Hence,  fonnola  (B)  becomeii 

l-*=2coB/!VP+i'-2a!*,  (C) 

bion  between  x  and  /!  correaponding  to  maximam  and  mini- 
incy  will  be  expressed  by  the  formula 

s  it  appears  that  if  /9=0,  as  it  should  fbr  maximam  efficiency, 
inflDitA.    That  is,  the  theoretical  efficiency  of  the  windmill 
-eater  as  the  speed  of  the  sails  increases  indefinitely, 
ormula  (0)  shows  that 

For;r=l,l-)b=.828;  fora;=2, 1— A;=.944; 
For  x=3,  l-ft=.973;  for  a;=10,  l-ft=.0974; 

terfect  efficiency  when  the  speed  of  the  sails  is  10  times  the 
the  wind.    Perfect  efficiency,  however,  coald  not  be  reached 

0. 

e  the  formala  does  not  take  into  accomit  the  retarding  effect 

,  resistance  of  uiedium,  and  other  causes  which  make  it 

to  realize  in  practice  anything  like  the  efficiency  indicated 

lala;  and  in  practice  fi  caa  never  equal  0  as  it  shoold  for 

siency. 

r=l  and  assigning  more  probable  vahies  to  /9,  formula  (0) 

For/¥=10o,  l-fc=.785. 
For  ^=200,  1-Ar=.657. 
Tor  fi=30°,  1  -fe=.449. 

:ally  the  analysis  of  the  action  of  wind  on  the  sails  of  a  wind- 
ponds  to  the  analysis  of  the  action  of  water  on  a  reaction 
irbine  without  guide  blades,'  In  the  windmill,  as  commonly 
e  d!  in  our  formula  (B)  is  necessarily  90° ;  bat  the  formala 
lide  blades  or  deflectors  correspondiog  to  thoee  of  ^torallel- 

I  Bee  Sukiae's  Steani  Klislim,pv.in  ud  3M. 


-COS  a  =  J(a?  +  -— a?  cos  ^/S)  (Ej 
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flow  tarbinjB  water  wheels.  For  if  we  give  to  x  aud  /3  any  probable  finite 
values,  we  may  find  the  values  of  angle  a  corresponding  to  maximaA 
efficiency  from  the  formula, 

1 

X 

in  which — 

For  07  =  3  and  /3  =  10°,  a  =  77o  46'; 

For  x  =  2  and  /i  =  IQo,  a  =  73o  44'; 

For  ;r  =  3  and  A  =  20o,  a  =  70°  00'; 

For  i?  =  2  aud  /3  =  20o,  a  =  68o  28'; 

For  a:  =  1  and  /3  =  20^,  a  =  56o  03'. 

These  assumptions  for  x  and  /3  are  plausible,  as  or  varies  greatly 
between  the  outer  and  inner  extremities  of  a  sail,  and  fi  should  be 
assumed  as  the  average  angle  of  escape  of  the  whole  cylinder  of  air 
intercepted  by  the  wheel,  and  not  as  the  angle  merely  of  that  portion 
of  air  which  comes  immediately  in  contact  with  the  sails,  or  which  die 
sails  directly  intercept. 

It  is  to  be  noticed  that  formula  (B)  does  not  take  into  account  as  such 
the  angle  of  weather,  which  seems  to  be  incidental  to  practice  bntr  not 
to  theory. 

As  we  have  already  pointed  out,  our  formula  (A)  is  substantially  the  ; 
same  as  Eaukine's  general  formula  for  the  action  of  water  on  vanes. 
But  Rankine,  instead  of  applying  his  general  formula  to  windmills, 
breaks  entirely  away  from  it,  and  uses  another  formula  specially  dedaced 
for  the  "case  of  a  flat  vane  oblique  to  the  jet,"  and  which  he  calls  the 
'^easiest  method  of  solution."*  But  that  his  "  easiest  method"  is  erro- 
neous even  in  the  case  specified,  is  evidenced  by  the  fact  that  a  very 
different  result  is  obtained  by  the  application  of  his  general  formula. 

We  pointed  out  the  nature  of  Eaukine's  error  in  a  paper  dated 
December,  1881,  which  was  submitted  to  Prof.  E.  H.  Thurston,  of 
Stevens  Institute  of  Technology.  Other  writers  on  windmills  have 
made  the  same  mistake.  The  theory  and  formula  which  we  have  here 
given  are  abstracted  from  a  paper  also  prepared  for  Professor  Thurston, 
dated  March  6, 1882. 

Theoretical  considerations  were  kept  in  view  during  our  dynamomet- 
ric  experiments.  It  will  be  seen  from  the  preceding  tables  of  experi- 
ments how  closely  the  results  obtained  in  practice  corresppnd  to  theory. 

DISCUSSION   OF    RESULTS. 

THERMOMETRIC   AND   BAROMETRIC   INFLUENCES. 

The  preceding  pages  are  substantially  an  unchanged  reproduction 
of  the  records  made  by  the  writer  for  the  United  States  Wind  Engine 
and  Pump  Company  of  Batavia,  Illinois,  during  and  immediately  after 
the  experiments  in  1883.    The  only  alteration  we  have  presumed  to 


' Seo Baokines Steam Kngine,  pp. led aA(i ^\b. 
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Dake  is  in  omitingatlie  records  of  barometric  readings  wbich  were  made 
taring  the  earlier  experiments.  No  barometric  readings  were  taken 
»r  recorded  after  December  21, 1882. . 

CONSTRUCTION   OF^TABUBS. 

In  tables  on  pages  28  to  46  results  are  recorded  for  a  greater  or  less 
inmber  of  loads  increasing  usually  by  increments  of  two-tenths  pound. 
Although  the  results  are  always  given  in  the  order  of  increasing  loads, 
bey  were  not  always  obtained  in  that  order,  as  is  indicated  by  the 
uarginal  dates  at  the  right-hand  side  of  some  of  the  tables.  Enough 
ables  were  prepared  in  this  manner  to  show  how  in  general  the  speeds 
»f  revolution  decreased  as  the  loads  increased,  and  how  the  products 
ncreased  with  the  increasing  loads  up  to  a  certain  point,  which  marks 
;he  maximum,  and  then  decreased  continually  with  further  increments 
»f  load  until  the  vanishing  point  was  reached.  It  was  not  necessary  to 
;ry  many  different  loads  in  order  to  find  the  best  load  corresponding 
X)  the  maximum  product.  This  could  be  ascertained  by  a  few  trials, 
ind  as  our  main  object  was  to  get  at  the  relative  merits  of  the  wheels 
:e8ted,  we  subsequently  abandoned  the  practice  of  trying  so  many 
iifferent  loads,  and  confined  our  attention  more  strictly  to  the  deter- 
mination of  maximum  products,  starting  forces,  and  unloaded  speeds; 
30  that  the  remaining  tables  on  pages  47  to  65  show  in  general  only 
these  three  results  for  each  wheel  and  comparisons  of  results  with 
(iifferent  wheels.  Special  explanations  relative  to  special  tables  are 
given  elsewhere. 

SXTREMB  RESULTS.  ' 

In  addition  to  the  original  tables  already  presented,  we  have  collected 
together  in  the  following  table  the  maximum  products  given  by  wind 
^heel  No.  2  at  the  various  dates  it  was  tested  in  connection  with  other 
i^heels.  It  may  be  observed  that  the  lowest  maximum  product  was 
)8.083,  recorded  on  April  10,  1883,  and  that  the  highest  product  for 
xrind'of  nearly  the  same  velocity  was  65.474,  recorded  on  May  6, 1883. 
The  products  for  the  same  wheel  thus  vary  nearly  13  per  cent  on  different 
lays.  Taking  the  temperature  and  barometric  pressure  of  Chicago  on 
;he  two  days  above  mentioned  as  approximately  the  same  as  at  Batavia, 
(5  miles  distant  due  west,  we  are  able  to  account  for  but  little  more 
:han  2  i>er  cent  of  the  variation.  Notice  also  that  in  wind  of  about  11 
niles  i>er  hour,  the  lowest  maximum  product  was  124.839,  recorded  on 
luly  5,  1883,  and  that  the  highest  product  was  138.897,  recorded  on 
May  22, 1883.  Here  a  variation  of  over  11  per  cent  appears  for  the 
same  wheel  on  different  days.  In  this  case  the  difference  in  tempera- 
ture and  barometric  pressure  at  Chicago  might  account  for  a  little  more 
than  8  per  cent  of  the  variation. 
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Maximum  product  of  wheel  No,  $  at  different  dates. 


Velocity  of 

wind 
per  hoar. 

Product 
at  maximam. 

Date 

>. 

Velocity  of 

wind 

per  hour. 

Prodact 
at  mazimnm. 

Date. 

Miles. 

188S 

t. 

Miles. 

1 
1883. 

8.485 

58.083 

Apr. 

10 

8.478 

62.928— 

Apr.    27 

8.499 

62. 719-f. 

Apr. 

11 

8.496 

65. 474— 

May     5 

8.487 

62.966— 

Apr. 

12     j 

8.459 

62.928= 

May      3 

8.463 

62.225 

Apr. 

16 

8.464 

61.180= 

Ma}'     7 

8.461 

58. 957— 

Apr. 

17 

8.476 

62.396— 

May      « 

8.432 

62.966-h 

Apr. 

9 

8.512 

63.650= 

May      1 

8.432 

60.762 

Apr. 

6 

8.477 

60.952 

May     9 

8.455 

61.902— 

Apr. 

1 

6 

8.452 

58.273 

Sept.  15 

8.398 

61. 142 

Apr. 

4 

11.041 

135.498 

May    17 

8.395 

61. 370-f 

Apr. 

3 

11.054 

126.984 

July     2 

8.403 

62.463— 

Mar. 

14 

11.021 

137.346 

May    29 

8.410 

61.845— 

Mar. 

27 

10.997 

138.897 

May    22 

8.427 

62. 478-f. 

Mar. 

28 

10.980 

135.201 

Jane  25 

8.419 

61.864— 

Mar. 

30 

11.000 

129.195 

June  20 

8.446 

61.408-f 

Mar. 

31 

10.980 

132.264 

Jane  26 

8.501 

61.655-f 

Apr. 

18 

10.935 

132.033 

Jnne  28 

8.488 

63.802 

Apr. 

28 

10.994 

127. 116 

Jane  29 

8.500 

62.852— 

Apr. 

26 

10. 975 

124.839 

Joly     5 

8.425 

63.726— 

Apr. 

25 

INFLUENCE   OF   OUTSIDE   WIND, 


Experiments  were  conducted  in  a  closed  room  to  insure  the  exclusion 
of  all  natural  wind.  The  exclusion  of  wind  from  the  inclosed  space, 
however,  was  not  perfect.  The  wind  circling  around  the  outside  of  the 
building  undoubtedly  at  times  caused  a  slight  circulation  of  air  inside, 
which  may  have  been  more  potent  in  causing  variations  in  results  than 
either  thermometric  or  barometric  influences.  The  windows  were 
always  kept  carefully  closed  during  experiments,  and  the  doors  also 
were  guarded  as  much  as  possible.  The  doors,  however,  were  neces- 
sarily used,  and  we  distinctly  remember  being  obliged  to  discard  many 
measurements  on  account  of  doors  being  opened  during  tests  on  windy 
days.  But  unless  a  door  was  opened  during  a  test  we  considered  that 
errors  from  influence  of  outside  wind  were  sufficiently  guarded  against 
by  our  practice  of  comparing  all  results  with  those  obtained  with 
wheel  No.  2,  under  like  conditions,  as  explained  in  the  original  records. 


STANDARD   OF   C0MPAUI80N. 


As  stated  in  the  original  record,  wheel  No.  2,  which  we  always  used 
as  a  standard  for  comparison,  was  modeled  a^et  U\e  H^llvday  lOfoot 
w/ad  wheel;  that  18  to  say,  the  slats,  arma,etAi.,weie  V\i^^^me.*\\i\i\\ssJaK:t 
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Euad  of  the  same  relatiye  dimensions  on  a  scale  of  one-half.  There  was, 
tiowever,  this  diffenancei  that  the  Halliday  was  what  is  called  a  section 
vrheel,  having  pivoted  sections  for  the  purpose  of  regulation.  Wheel 
N^o.  2  had  all  its  parts  rigidly  fixed  with  reference  to  each  other,  and 
therefore  was  more  like  the  solid  wheels  in  common  use  at  the  time, 
rhe  solid  wheels  were  really  copies  of  the  HaUiday,  so  far  as  the  sails 
3r  slats  and  the  arms  were  concerned.  The  only  essential  difference 
l>etweeu  section  and  solid  wind  wheels  related  to  the  method  of  stop- 
ping and  governing  their  motion^  Different  makers  of  both  styles  of 
wheels  had  their  own  notions  about  angles  of  weather  and  proportions 
of  sail  surfiEMe.  The  Halliday  10-foot  wheel  had  its  slats  set  at  an  angle 
of  350  with  the  plane  of  motion.  The  slats  were  as  thin  as  was  con- 
sistent with  safety,  considering  that  their  material  was  wood,  and  they 
were  trimmed  to  a  sharp  edge,  so  as  to  cut  the  air  as  much  as  possible. 

Nearly  all  wind  wheels  in  use  at  the  time  of  our  experiments  in 
1882-83  were  made  with  narrow  wooden  slats,  similar  in  general  appear- 
ance to  our  wheel  No.  2.  Some  makers  adopted  greater  angles  of 
weather  than  35  degrees,  and  even  let  the  sails  overlap  so  as  to  boast  of 
greater  sail  area  for  their  wheels  as  a  basis  for  claiming  greater  power. 
A  45-degree  angle  of  weather  was  not  uncommon,  and  the  slats  were  ' 
often  made  thicker  than  those  of  the  Halliday  wheel ;  besides,  they  were 
not  always  trimmed  to  an  edge  in  front.  . 

In  adopting  as  our  standard  of  comparison  a  wheel  modeled  after 
the  10-foot  Halliday,  we  believe  that  we  made  use  of  the  best  model 
available  to  represent  wind  wheels  in  general  as  then  constructed. 

CORRECTIONS  FOR  AXLE  FRICTION. 

• 

m  the  earlier  tables  0.3  pound  was  added  to  all  applied  loads.  This 
0.3  pound  was  arrived  at  as  explained  after  the  table  on  page  38,  and 
was  in  reality  an  estimate  of  frictional  resistance  to  starting,  or  to 
slow  motion.  As  authorities  stated  that  friction  was  the  same  at  all 
velocities,  we  adopted  0.3  pound  as  approximately  representing  the 
frictional  resistance  of  the  journals  without  regard  to  speed.  We  after- 
wards learned  that  the  axial  friction  diminished  greatiy  with  increase  of 
speed  of  revolution,  as  is  made  evident  by  comparing  the  speeds  of  the 
same  wheels  after  starting  friction  was  greatly  reduced  with  the  speed3 
before  reduction  of  friction  under  the  same  applied  loads  and  also 
unloaded.    (See  original  records  after  table  on  page  38.) 

Wheels  Nos.  2, 18,  and  19,  especially,  may  be  compared.  Subtract 
).3  from  loads  in  the  tables  giving  average  results  for  wheels  Nos.  2, 
18,  and  19,  on  pages  29,  43,  and  44,  and  subtract  0.1  in  tables  on  pages 
n  and  47  to  obtain  applied  loads.  Evidently  there  is  very  littie  differ- 
tmce  between  the  axial  frictions  in  the  two  cases  for  unloaded  wheels. 

We  can  not  now,  after  a  lapse  of  more  than  fifteen  years,  undertake 
bo  assert  what  the  axial  friction  previous  to  Match.  1%^  19^^  ^o^^ 
tare  been  called  for  differen  t  speeds.    But  if  in  the  %a\A^  on  V^fl^  ^^  ^^ 
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call  friction  0.15  pound,  we  shall  find  the  maximum  prodact  to  be 
61.846  instead  of  66.860,  as  there  recorded.  And. as  this  correction 
would  make  this  table  agree  substantially  with  the  general  results  of 
the  table  on  page  74,  it  seems  probable  that  0.15  pound  is  about  the 
right  amount  to  allow  for  friction  in  the  first  twenty-one  tables  to 
obtain  maximum  liroducts. 

If  in  the  table  on  page  43  for  wheel  No.  18  we  call  friction  0.15 
pound,  the  maximum  product  will  become  76.869,  obtained  January  13, 
1883.  On  April  10, 1883,  the  same  wheel,  No.  18,  gave  as  maximum 
product  69.300,  showing  a  variation  of  more  than  12  per  cent.  But  the 
United  States  Signal  Service  records  in  Chicago  show  for  these  two 
dates  a  difference  of  more  than  1  inch  ill  the  barometric  column,  and 
about  39  degrees  difference  in  temperature,  which  will  account  for  a 
variation  of  about  12  per  cent.  Again,  if  in  the  table  on  page  44  for 
wh^el  No.  19  we  call  friction  0.15  pound,  the  maximum  product  will 
become  82.130,  obtained  January  18, 1883.  On  April  11, 1883,  the  same 
wheel.  No.  19,  gave  as  maximum  product  75.185,  showing  a  variation  of 
over  9  per  cent.  The  differences  in  temperature  and  barometric  pres- 
sure as  given'  for  these  two  dates  by  the  Signal  Service  records  at 
Chicago  would  account  for  a  variation  in  atmospheric  density  of  jast 
about  9  per  cent.  These  three  wheels,  Nos.  2, 18,  and  19,  are  the  ouly 
ones  tested  both  before  and  after  the  reduction  of  friction  on  Marcli 
13, 1883.  While  the  products  as  recorded  in  the  tables  in  which  0.3 
pound  was  added  to  loads  are  all  too  large,  their  comparative  values 
are  not  greatly  distorted  by  the  excessive  allowance  for  axial  friction. 

The  smaller  aUowance  for  axial  friction  will  sometimes  make  the 
maximum  product  correspond  to  the  next  greater  applied  load,  as  in 
the  case  of  wheel  No.  19,  page  44.  But  in  the  tables  on  pages  29  and  43, 
after  allowing  0.15  pound  instead  of  0.3  pound  for  friction,  the  maximum 
products  still  correspond  to  the  same  applied  loads  and  the  same  speeds 
of  revolution  as  before. 

AERIAL  FRICTION. 

So  far  we  have  not  attempted  to  estimate  the  friction  and  resistances 
of  the  air  itself,  although  the  tables  on  pages  57^  59,  and  61  are  very  sug- 
gestive on  this  point,  and  theoretical  considerations  also  indicate  tbe 
great  importance  of  this  subject,  as  will  hereafter  appear. 

RELATION   BETWEEN   SPEED   AND   LOAD. 

The  following  table  shows  the  relation  between  speed  and  load  for 
various  wind  wheels : 


SPEED  AND  LOAD. 
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Table  Bhawing  the  relatUm  bettoeen  epeed  and  load. 


Angles  of 
weather. 

A 

B 

A 
B 

C 

D 

0 

SaU 
surface. 

ro.  of 

heel. 

Turns  per 
minate  at 
maxiniiun. 

Toms  per 

minute 
unloaded. 

Load  at 
mazi- 
muuL 

Starting 
force. 

0 

Sqwurt/eti. 

1 

35 

31.69 

59.08 

.54 

1.65 

2.55 

.65 

9.19 

2 

35 

33.43 

57.96 

.58 

1.85 

3.55 

.52 

18.38 

3 

24. 5, 11. 25 

47.48 

90.48 

.52 

1.35 

2.10 

.64 

13.59 

4 

20,     30 

55.93 

89.43 

.63 

1.55 

3.00 

.52 

13.59 

5 

22. 5, 32. 5 

46.10 

86.78 

.53 

1.95 

3.4 

.57 

13.59 

6 

30 

42.10 

69.03 

.61 

1.65 

3.1 

.53 

10.688 

7 

25 

47.40 

73.60 

.64 

1.35 

2.5 

.54 

10.688 

8 

35 

36.84 

62.67 

.59 

1.75 

3.25 

.54 

10.688 

9 

32.5 

34.58 

66.40 

.52 

1.95 

8.1 

.63 

10.688 

10 

27.5 

39.33 

72.23 

.54 

1.75 

2.95 

.59 

10.688 

11 

20 

45.46 

77.60 

.59 

1.35 

2.00 

.68 

10.688 

12 

15 

.      43.88 

75.60 

.58 

1.15 

1.4 

.82 

10.688 

13 

40 

28.70 

56.33 

.51 

2.15 

3.4 

.63 

10.688 

14 

45 

24.72 

48.60 

.51 

2.15 

3.5 

.61 

10.688 

15 

47.5 

25.30 

46.84 

.54 

1.95 

3.65 

.53 

10.688 

16 

50 

20.67 

42.40 

.49 

2.15 

3.60 

.60 

10.688 

17 

25,     35 

38.70 

73.90 

.52 

1.75 

2.75 

.64 

10.688 

18 

25 

39.42 

75.58 

.52 

1.95 

3.1 

.63 

12.937 

19 

27.5 

38.20 

72.26 

.529 

2.15 

8.3 

.65 

12.937 

20 

30 

39.87 

70.78 

.56 

1.9 

3.45 

.55 

12. 937 

21 

32.5 

38.72 

67.97 

.57 

1.9 

3.6 

.53 

12.937 

22 

35 

31.96 

64.20 

.50 

2.1 

3.8 

.55 

12. 937 

23  25,     30 

43.21 

73.46 

.59 

1.75 

3.25 

.54 

12. 937 

24 

27.5 

38.87 

72.60 

.54 

1.8 

3.4 

.53 

15.000 

25 

30 

38.95 

69.00 

.56 

1.8 

3.6 

.50 

15.000 

26 

25 

43.74 

75.38 

.58 

1.7 

3.15 

.54 

15.000 

27 

35 

33.74 

63.65 

.53 

2.1 

4.0 

.53 

15.000 

28 

32.5 

34.49 

67.07 

.51 

2.1 

3.8 

.55 

15.000 

29 

27.5 

39.10 

73.10 

.53 

1.9 

3.6 

.53 

17.016 

30 

30 

35.15 

69.18 

.57 

2.1 

3.9 

.54 

17. 016 

31  1          32.5 

34.94 

66.73 

.52 

2.1 

4.0 

.52 

17. 016 

32             35 

33.43 

62.90 

.53 

2.1 

4.2 

.50 

17. 016 

33 

25 

37. 80 

75.46 

.50 

1.9 

3.4 

.56 

17. 016 

34  '25,     35 

43.77 

76.47 

.57 

1.7 

3.4 

.50 

12.937 

35  1          27.5 

46.64 

76.78 

.61 

1.7 

3.3 

.52 

12. 937 

36             25 

47.05 

80.67 

.58 

1.7 

3.0 

.57 

12. 937 

37    ^       30 

40.41 

73.12 

.55 

1.9 

3.5 

.54 

12. 937 

38 

22.5 

52.51 

84.65 

.62 

1.5 

2.8 

,    .54 

.    \1,9iZ1 

39 1 

27.5 

35. 57 

64.52 

.55 

1.9 

I 

\    3.^ 

\    .^^ 

\    \^.WI 
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Table  $kowing  the  rtlation  h§iweem  $pe$d  and  load — Continaed. 


No.  of 
wheeL 

Angles  of 
weather. 

A 

B 

A 
B   • 

O 

D 

0 
D 

Tonui  per 
minnte  at 
maximniii. 

Tama  per 

minnte 
nnloaded. 

Load  at 
maxi- 
mum. 

Starting 
foroe. 

Sail 
sorflMse. 

o 

8quar€/§ef.  i 

40 

27.5 

45.74 

82.13 

.56 

1.9 

3.65 

.52 

12.937 

41 

25 

46.81 

84.70 

.^ 

1.9 

3.35 

.53 

12.937 

42 

30 

43.15 

77.95 

.55 

1.9 

3.8 

.50 

12.937 

43 

25,     30 

45.92 

84.92 

.54 

1.9 

3.5 

.54 

12.937 

44 

25,     30 

44.35 

84.88 

.52 

1.9 

3.5 

.54 

13.590 

45 

20,     30 

79.99 

156.63 

.51 

2.9 

5.1 

.57 

14.159 

46 

Mr.  5, 27. 5 

85.19 

160.90 

.52 

2.7 

4.7 

.57 

14.159 

47 

22. 5, 32. 5 

73.31 

148.68 

.49 

3.3 

5.9 

.56 

14.159 

:          48 

25,35 

66.79 

141.97 

.47 

3.7 

6.4 

.  oo 

14.159 

49 

1 

27. 5, 37. 5 

58.82 

136.30 

.43 

3.9 

6.5 

.60 

,     14. 159 

BEST  SPEEDS  FOR  WIND  WHEELS. 

A 

In  the  fifth  column  of  the  precediDg  table  the  decimal  firaotions  ^ 

indicate  for  the  various  wind  wheels  the  ratio  of  speeds  at  mazimaiD 

work  to  the  speed  of  wheels  unloaded. 

By  consulting  the  original  tables  on  pages  28  to  46,  it  may  be  noticed 

that  there  are  generally  four  or  five  products  nearly  as  great  as  the 

maximum  product  for  each  wheel.    Where  the  two  greatest  prodncts 

are  nearly  the  same,  a  very  slight  difference  in  velocity  of  wind,  or 

other  cause,  may  make  the  maximum  result  correspond  to  either  of  two 

different  loads  or  two  diflferent  speeds.    This  may  accx)ant  for  certain 

A  C 

apparently  rather  wide  variations  in  the  columns  r>  and  jy 

In  general  the  best  speed  for  most  of  these  wind  wheels  is  about  0.55 
of  the  unloaded  speed,  and  a  variation  of  si)eed  between  0.45  and  0.70 
of  the  unloaded  speed  will  not  make  a  very  great  difference  in  the 
amount  of  work  performed,  provided  the  load  is  varied  to  suit  the 
difference  in  speed. 

BEST    LOADS    FOK    WIND    WHEELS. 


C 
1) 


In  the  eighth  column  of  the  preceding  table  the  decimal  fractions 
indicate  the  ratios  of  loads  at  the  maxiuuim  of  work  to  the  greatest 


loads  that  the  wheels  can  start  without  continuous  turning. 

In  collecting  from  the  original  tables  the  numbers  />,  which  repre- 
sent starting  forces,  the  original  figures  Avere  corrected  so  as  to  exclude 
what  was  originally  added  for  axial  friction.     (See  "Starting  forces" 
on  pufx^  25,)     VV^/j(»re  0.3  pound  was  '.uVded  to  a,v\i\\^d  loads  prior  to 
March  13,  1883,  the  figures  were  covrectAid  liot  C  m  XXi^  ^\^\Xi.  v^^\^\\\^ 


r 

^^aW 

\~ 

\       ' 

^^Hiit 
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correspond  to  an  axial  friction  of  0.16  ponnd,  as  explained  nnder  the 
lading  <*  (Torrections  for  axial  friction^"  page  75. 
In  general,  it  may  be  said  that  the  ratio  of  best  loads  to  starting 
roes  is  abont  0.55,  and  that  there  may  be  a  variation  in  the  load 
itween  0.50  and  0.05  of  the  starting  force  without  serious  impairment 

efficiency. 

CONICAL  DXFLBCTOR  IN  CKNTBR  OF  WHSBLS. 

Wheel  No.  50  was  tested  because  our  attention  was  called  to  a  wind- 
ill  patent  in  which  a  conical  deflector  was  shown.  Besides  saving 
le  wind  that  otherwise  would  pass  through  the  center  of  wheel 
Qoccupied  by  sails,  an  advantage  was  also  claimed  because  the  air 
as  made  to  act  with  greater  leverage  on  account  of  encountering  the 
lils  farther  from  the  axis.  The  exx>eriment  showed  there  could  be  no 
ossible  advantage  from  such  an  arrangement. 

AIR-CUSHIONED  SAIL  8URFA0B8. 

• 

When  wheel  No.  39  was  construoted,  the  narrow  strips  of  board 
long  the  edges  of  the  sails  were  intended  not  to  obstruct  the  spaces 
stween  sails,  but  to  afford  air  cushions  on  the  faces  of  the  sails  against 
hich  the  wind  might  act  to  better  advantage  than  against  plain  sur- 
ces.    It  had  become  apparent  that  plain  sails  were  decidedly  inferior 

sails  with  concave  faces,  whether  circular  or  angular.  (Note  exx)eri- 
ents  with  wheels  Nos.  40, 43,  and  44.) 

It  was  contended  by  certain  windmill  exx>erts  that  the  narrow  strips 
dec!  to  plain  sails,  as  used  in  wheel  No.  39,  would  answer  the  same 
irpose  as  the  sail  forms  of  wheels  Nos.  40, 43,  and  44,  and  that  wooden 
leels  could  be  more  easily  constructed  in  that  way.  One  of  the 
perts  had  constructed  wind  wheels  similar  to  wheel  39.  It  was 
mediately  due  to  the  suggestion  of  another  prominent  windmill  ofli- 
kl  that  wheel  No.  39  was  made  and  tested.  For  ourselves,  we  had 
ich  more  decided  opinions  after  the  test  than  before,  notwithstanding 
3  fact  that  our  mathematical  solutions  as  presented  in  this  paper  were 
itten  out  and  made  public  before  any  of  our  experiments  were  com- 
mced.  Whatever  value  there  may  have  been  in  the  air-cushioned 
il  faces  of  wheel  No.  39,  the  advantage  was  more  than  nullified  by 
B  obstruction  of  spaces  between  sails  and  the  bad  contours  of  their 
cks. 

OBSTRUCTIONS  ON  THE  BACK  OF  8AIL8. 

Our  experience  with  wheel  No.  39  suggested  that  the  arms  and  bands 
90  mi^ht  be  detrimental  to  the  proper  smooth  and  peaceful  flow  of  air 
)tween  the  sails.  So  we  next  constructed  and  tested  wheels  Nos.  45 
49,  which  have  no  bands  and  no  arms  along  the  backs  of  the  sails, 
tie  results,  as  shown  in  the  table  on  page  59,  speak  for  themselves. 
It  may  be  noticed  that  wheel  No.  47  carried  3.3  pounds  as  best  load, 
le  same  as  the  best  load  of  wheel  No.  2,  over  wbieh.  \t>  ^Xvo^q^^  ^  ^^^tl 
power  of  abont  83  per  cent.    The  gain,  therefore,  \\\  t\\\^  «aaft^«^ 
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entirely  in  speed.  Notice  also  the  ratio  between  the  speeds  of  the  two 
wheels  running  unloaded,  ^:f|  =1.91.  The  denominator,  77.85,  is 
taken  from  the  table  on  page  27. 

WASTE  OF   POWER  DUB  TO  THE  ARMS  OF  WIND  WHESLS. 

Two  or  three  months  after  making  the  many  exx>eriment8  the  som- 
mary  of  which  is  recorded  on  page  59,  it  occurred  to  us  that  it  would 
be  interesting  to  know  and  easy  to  ascertain  something  definite  as  to 
the  gain  in  power  effected  by  the  removal  of  those  portions  of  the  arms 
which  usually  are  made  to  extend  along  the  backs  of  sails  or  between 
the  sails  of  wind  wheels.  To  represent  the  portions  of  arms  previoosly 
removed,  we  prepared  six  pieces  of  pine  wood  1  by  1^  by  17  inches. 
These  could  be  quickly  attached  to  the  backs  of  the  pasteboard  sails 
by  two  little  screws  in  each,  and  as  quickly  removed,  as  often  as  neces- 
sary. 

We  found,  on  retesting  wheel  No.  48  in  September,  that  it  showed  a 
gain  over  wheel  No.  2  of  84  per  qpnt  instead  of  the  87  per  cent  gained 
when  tested  in  June.  We  attributed  this  small  loss  to  the  drying  and 
warping  of  the  sails,  and  therefore  designated  the  retested  wheel  as 
No.  60.  The  same  wheel,  with  the  six  pine  strips  above  mentioned 
fastened  to  the  backs  of  the  six  sails,  was  designated  as  wheel  !No.  61. 
We  found  by  repeated  trials,  as  usual,  that  wheel  No.  60  required,  for 
the  wind  velocity  taken  to  produce  a  maximum  product,  a  load  of  1.9 
pounds. 

This  load  was  the  same  as  the  best  load  for  wheel  No.  2.  The  coin- 
cidence of  best  loads  made  the  comparison  of  wheels  No.  60  and  !^o.  2 
merely  a  matter  of  recording  speeds.  No  time  had  to  be  consumed  in 
changing  loads  and  readjustments  of  the  brake,  and  the  two  wheels 
were  replaced  by  each  other  alternately  in  rapid  succession. 

The  same  method  was  pursued  in  comparing  wheel  No.  60  with  wheel 
No.  61,  except  that  in  this  case,  instead  of  removing  from  the  axle  and 
replacing  the  entire  wheels,  we  merely  placed  and  removed  in  succes- 
sion the  six  strips  of  pine.  The  table  on  page  61  gives  the  averages  of 
results. 

It  is  i)08sible  that  1.9  pounds  may  not  have  been  exactly  the  best 
load  for  wheel  No.  61.  To  facilitate  the  speed  comparisons  and  render 
mistakes  of  brake  adjustment  impossible,  the  load  was  not  changed  and 
the  adjustment  of  the  brake  was  left  undisturbed  during  these  alter- 
nate tests  of  the  two  wheels.  We  consider  it  altogether  probable  that 
an  exact  determination  and  application  of  the  best  load  for  wheel  No. 
61  would  not  have  materially  changed  the  product  as  recorded.  At 
any  rate,  simply  removing  the  six  strips  of  pine  from  the  ba(*ks  of  the 
sails  caused  an  increase  in  the  speed  of  the  wheel  with  the  same  load, 
from  38.13  to  56.50  turns  per  minute,  or  48  per  cent. 
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TWISTKD  8AILA. 


At  the  angle  of  weather  of  a  sail  should  be  greatest  at  the  end 
»t  the  axle  and  least  at  its  outer  end  where  its  speed  is  eompara- 
J  greaty  seems  self-evident,  and  the  advantages  to  be  gained  by 
ingor  twisting  the  sails  so  as  to  make  the  weather  angles  increase 
ley  approach  the  center  have  always  been  recognized,  at  least  in 
7,  by  windmill  manufacturers,  although  comparatively  few  Ameri- 
rind  wheels  are  made  with  such  sails.  Our  best  results,  as  shown 
e  table  on  page  59,  were  obtained  with  warped  sails,  but  it  does 
ippear  from  previous  experiments  that  the  warping  was  by  any 
LS  the  most  important  feature  of  our  best  wheels, 
e  tables  on  pages  51  and  53  afford,  in  the  comparisons  of  wheels 
34  and  43,  having  twisted  sails,  with  wheels  as  nearly  like  them 
dssible  without  twisted  sails,  an  apparent  test  of  the  advantages 
kl  by  making  the  weather  angles  greater  at  the  inner  ends  of  the 

Judged  by  these  two  wheels  the  advantage  is  very  slight. 
d  are  now  satisfied  that  merely  twisting  the  sails  can  not  do  much 

for  the  reason  that  what  is  gained  in  this  way  by  better  disposi- 
9f  the  forward  or  receiving  edges  of  the  sails  is  largely  lost  by  the 
)quent  less  advantageous  disposition  of  the  rear  edges  from  which 
and  escapes. 

we  have  ix>inted  out  in  the  discussion  of  the  theory  of  the  wind- 
the  rear  edge  of  a  sail  should  be  nearly  parallel  to  the  plane  of 
)n  without  regard  to  radial  distance,  while  the  forward  edge  should 
arallel  to  the  relative  direction  of  the  impinging  current  of  air, 
h  dei>ends  on  radial  distance. 

is  theoretical  disx)osition  would  make  the  angles  of  weather  great- 
'here  the  sail  speed  is  least,  but  is  a  very  different  thing  from  the 
jng  of  the  sails,  as  in  wheels  Nos.  34  and  43. 
I.  26,  on  page  61,  shows  a  sail  form  more  nearly  in  accord  with 
heory,  which  makes  not  only  the  angle  of  weather,  but  also  the 
ftture  of  the  sail,  greater  with  nearer  approach  to  the  center  of 
rheel. 

DEFLECTORS  IN  FRONT  OF  SAILS. 

our  discussion  of  the  theory  of  the  windmill  on  pages  71  and  72  we 
called  attention  to  the  fact  that  our  formula  (E)  indicates  that  the 
Bucy  of  a  wind  wheel  might  be  increased  if  the  air  currents,  just 
'e  meeting  the  sails,  should  be  deflected  so  as  to  meet  the  plane  of 
)n  at  a  less  angle  than  90  degrees.  In  order  to  test  somewhat  this 
lematical  suggestion,  the  experiments  recorded  in  the  table  on  page 
ere  made.  Only  a  single  deflector  was  used,  and  that  a  plane  sur- 
It  may  be  noticed  that  when  placed  in  front  of  wheel  No.  2  at  vari- 
mgles  the  deflector  caused  some  increase  of  speed  in  every  instance, 
9  the  load  remaiued  the  same.  But  when  placed  iu  ttoiit  ot  ^Vt^ 
9  its  effect  aa  an  obatruction  overbalanced  ita  vaVue  a;&  ^  ^e&ftcXot» 
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It  did  not  appear  that  deflectors  would  be  advantageous  in  froi\tof 
the  most  efficient  wheel,  nor  of  sufficient  value  in  connection  witii  the 
wheel  of  relatively  low  efficiency  to  justify  the  expense  of  such  cum- 
bersome appliances.  We  did  not,  therefore,  consider  it  worth  while  to 
experiment  further  with  deflectors. 

OBSTRUOnONS  IN  FRONT  AND  IN  THS  REAR  OF  WIND  WHEKLS. 

The  experiments  recorded  on  page  65  we  were  prompted  to  make  on 
account  of  the  contention  by  certain  windmill  experts,  that  an  obstruc- 
tion behind  a  wind  wheel  caused  about  the  same  loss  of  power  as  if 
placed  in  front. 

Many  so-called  vaneless  windmills  had  their  supporting  masts,  or 
tower  tops,  in  front  of  the  wheels,  while  the  ordinary  mills  with  vanes 
had  their  supporting  masts  behind  the  wheels. 

The  obstructing  boards  described  under  the  table  on  page  65  were 
intended  to  represent  such  obstructions  as  would  be  representadve  of 
supporting  masts  placed  as  indicated.  In  the  case  of  wheel  No.  2, 
unloaded,  the  obstruction  when  placed  in  front  caused  a  loss  of  speed 
amounting  to  a  little  more  than  3.5  per  cent,  and  when  placed  behind 
the  loss  amounted  to  a  little  over  3  per  cent. 

In  the  case  of  wheel  No.  49,  loaded,  the  loss  of  speed  from  placing 
the  obstruction  in  front  amounted  to  nearly  14  per  cent,  and  the  loss  of 
speed  from  placing  the  obstruction  behind  was  nearly  7  i>er  cent. 

It  may  be  observed  that  3.5  pounds  is  less  than  the  best  load  for 
wheel  No.  49  (3.9  pounds),  but  it  should  be  borne  in  mind  that  with  all 
wheels  a  considerable  variation  in  the  load  made  but  little  difference 
with  the  product  when  near  the  maximum. 

It  might  have  been  profitable  if  we  had  extended  these  experiments. 
It  is  evident  that  obstructions  even  when  relegated  to  the  rear  are  not 
obliterated. 

MAXIMUM   PRODUCTS  IX   DIFFERENT   VBLOCITIB8  OF   WIND. 

The  table  on  page  66  indicates  that  maximum  products  vary  as  the 
cubes  of  the  velocities  of  wind  almost  as  exactly  in  fact  as  in  theory. 
If  there  had  been   an  exact  correspondence  between  the  results  of 

experiment  and  the  law  of  cubes,  the  figures  underf       )  would  exactly 

equal  those  opposite  under  .  .  The  figures  under  -^  are  in  some 
instances  a  little  greater  and  sometimes  a  little  less  than  those  opposite 
under  (-la  as  indicated  by  the  plus  and  minus  signs  before  the 

differences  given  under  -^  __  (  -  j .    The  plus  and  minus  signs  happen 

to  be  equal  in  number,  showing  a  remarkable  general  agreement  with 
tlie  Jaw  of  cubes.    Again,  the  law  of  c\\be^  \\o\x\(V  \^v\jaAt^  that  the 
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numbers  under  A  multiplied  by  (^-\  should  equal  the  correspond- 
ing numbers  under  B.  How  nearly  the  law  was  actually  fulfilled  may 
be  seen  by  comparing  the  last  computed  column,  il  X  (  -  ) ,  with  the 
real  products  of  column  B. 

STABTIMO    FOBCS8    AND    LOAD9    AT    THS    MAXIMUM    IK    DIFFSRSNT    VKLOGITIXS    OV 

WIND. 

Under  the  second  table  on  page  66  we  find  the  conclusion  that  ^<  start- 
ing forces  vary  as  the  squares  of  the  velocities  of  wind."    If  the  law  of 

squares  had  been  strictly  confirmed,  the  computed  ratios  under  T  -  j 

would  have  just  equaled  the  actual  ratios  of  experiment  as  given 
under  -j  •    The  agreement  is  quite  close,  but  the  i^umbers  in  column 

-J  are  more  often  greater  than  the  corresponding  numbers  in  column 


(.-)• 


So  it  appears  that  starting  forces  really  increase  in  at  least  as 

* 

great  a  ratio  as  would  conform  to  the  law  of  squares.  But,  as  we 
have  explained  before,  it  should  be  remembered  that  what  we  have 
called  starting  forcies  could  neither  be  defined  nor  determined  with  the 
same  accuracy  as  was  attainable  in  the  case  of  maximum  products. 
Nor  could  the  loads  corresponding  to  maximum  products  be  determined 
80  accurately  as  the  maximum  products  themselves,  since  two  or  three 
dififerent  loads  would  generally  give  about  the  same  product  when  tlie 
product  was  near  the  maximum.  This  fact  made  it  all  the  more  easy 
to  ascertain  the  maximum  products  correctly,  since  a  little  variation 
from  the  best  load  was  compensated  for  by  the  consequent  variation  in 
the  speed  of  the  wheel. 

The  table  on  page  77  shows,  on  the  whole,  a  fairly  constant  ratio 
between  loads  at  the  maximum  and  starting  forces,  from  which  we  mi^ 
draw  the  conclusion  that  loads  at  the  maximum  vary  as  the  squares  of 
the  velocities  of  wind. 

SPEEDS  OF   UNLOADED   WHEELS   IN   DIFFERENT  VELOCITIES  OF  WIND. 

h  B 

In  the  table  on  page  67  an  inspection  of  columns  -  and   r  will  show 

that  in  every  case  but  two  the  counted  turns  of  the  unloaded  wheel  in 
the  higher  wind  exceeds  somewhat  the  number  of  turns  computed  on 
the  supposition  that  the  speed  of  an  unloaded  wheel  should  vary 
directly  as  the  velocity  of  wind.  The  two  exceptional  cases  may  be 
accounted  for.  We  attribute  this  variation  from  the  natural  law  in  part 
to  the  flEu^t,  previously  discussed,  that  the  axial  friction  diminishes  as  the 
speed  increases.  Strictly  apeakingy  the  wheels,  ou  acconiit  o^  uw'dNC^^- 
able  motion  at  tlie  axJe,  could  not  be  entirely  unloaded. 
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ACTION  or  AIB  OK  THE  SAILS  OF  A  WIND  WHEBL. 

In  Qg.  31,  AB,  AB  are  sQppoeed  to  represeiit  cross  sectioDS  of  two 
sails,  one  following  the  other  as  in  a  wind  wheel.  BE  represents  the 
direction  and  velocity  of  the  wind  with  respect  to  the  earth.  AE  repre- 
sents the  direction  and  velocity  of  the  sail  sections,  at  right  angles  to 
HE,  Then  DA  repreeenta  the  relative  direction  of  wind  with  respect 
to  the  sails  in  motion,  and  the  &out  faces  AA  of  the  sails  are  set  parallel 
to  DA.  The  rear  faces  of  the  sails  B  are  set  parallel  to  the  plaue  of 
the  wheel's  motion,  according  to  correct  theory. 

As  one  sail  uecessarily  follows  anotber  in  a  wiud  wheel,  the  air  can 


Nfe:^^^;^, 


Fiu  31.— Action  of  Bl 
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not  escape  in  a  direction  exactly  opposite  to  the  sail's  motion,  and  :ia 
the  space  between  sails  nnavoidably  contracts  toward  the  rear  edge^ 
these  edges  may  in  practice  conform  in  some  measure  to  the  best  pos- 
sible direction  of  escape  instead  of  being  strictly  parallel  to  the  plane 
of  the  wheel.  The  placing  of  arms  on  the  backs  of  or  between  the  sails 
wonld  render  a  necessary  evil  worse  on  account  of  further  contraction 
of  apace.  Besides,  it  shosld  be  noted  that  tbe  backs  of  the  sails,  as  well 
as  their  faces,  play  an  importaut  part  in  deflecting  the  wind.  For  it  is 
a  well-known  fact  that  air  curreuts  cling  to  and  follow  the  aurlaces 
along  which  they  flow.  Therefore,  the  backs  of  the  sails  sbould  be 
smooth  and  iree  from  obstructions.  It  is  evident  that  all  the  air  pass- 
ing betweeu  the  sails  is  deflected  and  not  merely  tbat  |K>rtion  which 
comes  immediately  in  contact  with  the  faces  of  tbe  sails.  The  arrows 
and  dotted  lines  in  the  figure  indicate  tbe  relative  direction  and  deflec- 
tion of  air  as  it  flows  through  the  wheel. 


Our  general  formulie  and  deductions  previously  given  under  theory 
of  the  wiiidaiiU  are  presented  juat  as  t\iey  wete  originally  recorded 
near  tbe  begmiiiug  of  the  year  1882.    We  now  see  wo  t^aaow^w  •*■««- 
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ing  them  in  any  respeet,  but  there  has  been  so  mnch  confusion  among 
mathematiGal  writers  on  wind  action^  that  we  wish  to  make  the  matter 
perfectly  clear  in  its  essential  points. 

It  is  not  necessary  to  resort  to  the  calculus,  nor  even  to  produce  the 
general  formulsB  (A)  and  (B)  in  order  to  arrive  at  the  theoretical  effi- 
ciency of  a  wind  wheel.  A  very  simple,  graphical  solution  may  be 
shown  as  follows:  In  figs.  32  to  35,  AB  represents  the  direction  and 
velocity  of  the  wind  with  resx>ect  to  the  earth ;  AG  represents  the  diree* 
tion  and  velocity  of  the  sail,  a  section  of  which  is  represented  by  the 
cnrved  line  GD;  the  velocity  of  wind  AB  is  the  same  for  each  of  the 
four  cases;  and  the  several  sail  sections  are  supposed  to  be  taken  at 
the  extremity  of  a  sail  in  fig.  32,  at  a  distance  from  the  center  of  the 
wheel  equal  to  two-thirds  the  radius  in  fig.  33,  at  one-third  the  radial 
distance  in  fig.  34,  and  at  one-sixtU  iu  fig.  35.    We  have  assumed  that 
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the  outer  extremity  of  tbe  sail  travels  three  times  as  fast  as  the  wind. 
That  is  to  say, 

AC  =3  xAB  in  fig.  32, 

AC  =  2  X  AB  ill  fig.  33, 

AC  =  1  X  AB  in  fig.  34, 

AC  =  i  X  AB  in  fig.  35. 

CB  represents  the  relative  direction  and  velocity  of  the  wind  with 
respect  to  the  sail  in  each  case.    Neglecting  friction,  the  relative  veloc- 
ity of  the  wiud  is  not  changed  by  contact  with  the  sail.    The  air  escapes 
from  the  sail  at  D  with  the  same  relative  velocity  it  had  at  C;  bat  its 
coarse  is  changed  so  that  it  escapes  in  a  direction  parallel  and  opposite 
to  that  of  the  sail's  motion.    Now,  since  the  sail  is  traveling  with  an 
actual  velocity  AC  in  one  direction  while  the  air  is  escaping  with  a  rel- 
ative velocity  CB  in  the  opposite  direction,  the  difference  between  CB 
and  AC  =  BK  will  represent  the  actual  velocity  of  the  air  after  it  has 
escaped  from  the  sail.    The  remnant  of  velocity  BK  is  all  there  is  left 
of  the  wind's  original  motion.    The  sail  has  absorbed  the  rest  and  con- 
verted into  work  a  corresponding  amount  of  energy.    A  certain  quan- 
tity of  wind  started  with  a  velocity  AB  and  gave  up  all  its  energy 
except  that  corresponding  to  a  velocity  BK. 

Now,  the  potential  energy  of  the  same  quantity  of  air  in  motion 
varies  as  the  square  of  its  velocity,  as  in  the  case  of  any  other  sub- 
stance. Hence  a  square  constructed  on  AB  and  another  square  con- 
structed on  BK  will  represent  relatively  the  original  potential  energy 
of  the  wiud  and  the  energy  it  still  retains  after  encountering  the  sail. 
These  squares  are  shown  in  the  figures.  The  small  squares  represent 
the  waste  of  energy  or  that  not  consumed  by  the  sail.  The  relative 
areas  of  these  squares  may  be  readily  computed.  Taking  the  large 
squares  as  unity  the  small  square  equals  0.026  in  fig.  32, 0.056  in  fig.  33, 
0.172  in  fig.  34,  and  0.382  in  fig.  35.  The  efficiency  is  represented  by 
the  difference  between  the  squares;  thus,  the  efficiency  in  fig.  32  is 
0.974;  in  fig.  33,  0.944;  in  fig.  34,  0.828,  and  in  fig.  35,  0.618. 

The  small  squares  correspond  to  the  letter  k  in  the  formula  (B)  on 
page  71.  Compare  these  efficiencies  with  the  values  of  1 — A:  as  origi- 
nally obtained  by  a  very  different  process.  There  would  have  been  no 
difference  if  the  decimals  had  been  equally  carried  out  in  both  cases. 

The  potential  energy  of  the  wind,  as  well  as  the  useful  work  result- 
ing from  its  action  on  a  sail,  varies  as  the  cube  of  its  velocity,  because 
the  quantity  of  air  coming  in  contact  with  the  sail  increases  or  dimin- 
ishes with  the  change  of  velocity  in  the  same  proportion.  It  is  only 
when  we  consider  the  result  of  a  fixed  quantity  of  air  in  motion,  that 
Its  energy  varies  as  the  square  of  velocity  and  may  b^  T^^iea^uted  by 
equare  areas  aa  illastrated  above. 
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e  work  of  the  same  quantity  of  air  varies  as  the  aqaare  of  velocity, 
ise  its  resultant  reaction  against  the  sail  varies  directly  as  the 
ity  and  the  sail  also  travels  with  the  same  proportional  velocity, 
r  instance,  1  pound  of  air,  acting  on  a  sail,  has  its  velocity  doubled, 
tail  travels  with  doable  velocity  under  doubled  pressure,  so  that 
rork  is  increased  fourfold;  and,  as  in  reality  the  doubling  of  veloo- 
ould  cause  2  pounds  of  natural  wind  to  meet  the  sail  in  the  same 

the  result  is  doubled  again,  making  it  eightfold  in  theory  as  well 

practice. 

TIIXORXnCAL  USEFUL  KFFOBT  OF  WIND. 

the  figs.  30  to  39,  let  AB  represent  the  direction  and  velocity  of 
with  respect  to  the  earth.  In  fig.  36  let  AG  =  3  AB  represent* 
lirection  and  velocity  of  the  outer  extremity  of  a  wind  wheel;  in 
7  at  two-thirds  of  the  radias  from  center,  AG  =  2  AB;  in  fig.  38 
le-third  the  radius  firom  center,  AG  =  AB,  and  in  fig.  39  at  one- 
i  the  radius,  AG  s=  i  AB.  The  circular  arc  GD  in  each  figure 
isents  correctly  what  the  cross  section  of  the  saU  at  each  x)oint 
id  be  according  to  theory.  To  make  the  calculation  simple  and 
£c,  we  will  consider  the  action  of  1  pound  of  air  only,  and  that 
ug  at  an  original  velocity  of  32.2  feet  x>er  second, 
e  take  this  particular  velocity  because  it  requires  the  constant 
*n  of  a  1-pound  force  to  give  to  1  pound  of  air,  or  to  1  pound 
ly  substance,  a  velocity  of  32.2  feet  x>er  second. 
»  give  other  velocities  to  the  1  pound  of  air,  requires  the  impelling 
>n  of  a  force  proportional  to  the  velocity  imparted  in  a  second  of 
.    That  is  to  say,  the  force  required  to  impart  to  1  pound  of  air 

V 

velocity,  t?,  is  represented  in  pounds  by  gn-»>' 
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Fig.  87. 


*      KV, 


Fig.  38. 

FidS.  36-39.— Theoretical  useful  eflfort  of  wind. 


Fig.  as. 


The  sail  of  a  wind  wheel  moves  at  right  angles  to  the  direction  of 
wind  or  in  the  direction  AG,  but  the  wind  meets  the  sail  in  motion  ia 
the  relative  direction  and  with  the  relative  velocity  OB,  and  has  with 
reference  to  the  sail,  due  to  the  sail's  motion,  an  opposite  motion  equal 
to  CA  in  the  direction  O  to  A  in  addition  to  its  original  motion.  The 
length  of  the  line  CB  represents  the  velocity  with  which  the  air  flows 
along  the  surface  of  the  sail  with  undiminished  relative  velocity, 
neglecting  friction,  and  the  diflerence  between  CB  and  CA,  or  BK, 
represents  the  relative  velocity  acquired  in  a  second  by  the  air  in  a 
direction  parallel  to  CA.  That  is  to  say,  by  action  against  the  sail 
during  one  second,  the  1  pound  of  air  has  acquired  a  relative  velodty 
BK  in  a  direction  parallel  to  C  A,  in  addition  to  the  relative  velocity 
C  A  which  it  had  before  meeting  the  sail.  This  newly  acquired  relative 
velocity  BK  required  for  its  generation  a  force  reacting  between  the 
sail  and  the  air  proportional  to  the  acceleration  of  velocity.  If  BK 
were  equal  to  32.2  feet^  the  reaction  would  be  1  pound.  But  the  reac- 
tion is  less  than  1  pound  in  the  same  ratio  that  BK  is  less  than  AB, 
which  we  assumed  tx)  be  32.2  feet. 

AB:BK::  1  pound:  Useful  effort  of  wind. 

JBK 
^^  AB  ^^P^^^^^^  ^^6  ratio  between  oT\giiva\  VytvOl  vt^^'^xvt^Vcl^Jqa 
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liiection  of  itB  original  motion  and  the  nseftil  effort  which  pushes  the 
3il  in  the  direction  of  its  motion.  If  we  lay  off  on  BA  prolonged 
LH=BK  and  complete  the  rectangles  AOJH,  the  areas  of  the  four 
ectanglesinflg8.36to39,willrepre8entrelatiydythework  theoretically 
«rfonned  in  each  case.  The  effort  AH  may  be  readily  computed.  For 
he  action  of  1  ponnd  of  air,  at  velocity  of  32.2  feet  per  second,  we  find 
hat  the  nsefhl  effort  is  0.162  pound  when  the  sail  moves  3  times  as 
ast  as  the  wind,  0.236  iK>und  when  the  sail  moves  twice  as  fast  as  the 
rind,  0.414  pound  when  the  sail  moves  as  fast  as  the  wind,  and  0.618 
K)and  when  the  sail  moves  one-half  as  fast  as  the  wind. 

* 
AXRIAL  RSS18TANCB  TO  MOTION. 

It  should  be  noted  that  by  far  the  most  striking  and  important  results 
if  our  exx)eriments  with  wind  wheels  were  produced  by  cutting  out 
rom  between  the  sails  obstructions  which  produced  aerial  resistance  to 
notion ;  and  it  should  be  profitable  to  study  the  causes  which  make 
hose  aerial  obstructions  apparently  a  matter  of  greater  moment  than 
dl  the  other  features  of  our  investigation. 

In  the  two  preceding  articles  we  have  shown  that  the  greater  the  sail 
velocities,  theoretically  the  higher  the  efficiencies,  and  also  that  the 
iseful  efforts  become  smaller  as  the  sail  velocities  increase. 

When  the  sail  travels  three  times  as  fast  as  the  wind,  the  theoretical 
efficiency  is  0.974,  very  close  to  perfection ;  but  for  a  wind  velocity  of 
122  feet  per  second,  each  ponnd  of  air  gives  a  useftal  effort  of  only  0.162 
poand.  It  is  evident  at  once  that  while  high  sail  velocity  seems  desir- 
able, it  does  not  require  great  aerial  resistance  to  counteract  a  large 
percentage  of  the  usefid  effort.  When  the  sail  travels  three  times  as 
fast  as  the  the  wind,  a  fiat  resisting  surface  of  about  1  square  inch  set 
perpendicular  to  the  direction  of  motion  would  counteract  entirely  the 
osefol  effort  due  to  the  action  of  1  ponnd  of  air.  This  is  computed  as 
follows : 

At  a  velocity  of  32.2  feet  per  second,  1  pound  of  air  per  second  under 

ordinary  conditions  represents  a  stream  of  about  59  square  inches  area 

in  cross  section ;  from  which  it  follows  that  59  square  inches  of  flat  sur- 

&ce  carried  normally  against  still  tfir  at  the  rate  of  32.2  feet  per  second 

meets  with  a  resistance  equal  to  1  pound,  and  at  a  velocity  three  times 

as  great  meets  with  a  resistance  of  9  poands.    But  the  total  useful 

•ffort  in  this  case  is  only  0.162  pound. 

59  X  0.162 
Therefore  we  obtain  JF= g- — =1.062  squareinche8=flatresi8t- 

Qg  surface  required  completely  to  neutralize  all  useful  effort  of  wind 
^hose  normal  pressure  against  59  square  inches  of  flat  sarface  equals  1 
oand.  In  like  manner  we  find  that  F  equals  3.418  square  inches  where 
he  sail  velocity  is  twice  the  wind  velocity,  24.426  square  inches  where 
he  sail  velocity  equals  the  wind  velocity,  and  145.848  square  inches 
^here  the  sail  velocity  is  one  half  the  wind  velocity. 
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Or  if  we  let  /  be  the  percentage  of  wind  area  represented  by  J*,  we 
find  that  /=  0.018  when  sail  velocity  is  three  times  wind  yelodtyy  0.059 
when  sail  velocity  is  twice  the  wind  velocity,  0.414  when  sail  velocity  is 
equal  to  wind  velocity,  and  2.472  when  sail  velocity  is  one-half  wind 
velocity. 

These  percentages  hold  good  for  all  velocities  of  wind  and  emphasize 
the  necessity  of  reducing  to  the  utmost  aerial  resistances  to  motion,  if 
wo  are  to  att^ain  high  efficiency  in  a  wind  wheel. 

BEST  MUMRER  OF   HAILS. 

An  inspection  of  the  table  on  page  65  shows  that  wheel  No.  35  wae 
more  than  3  per  cent  better  than  wheel  No.  19,  although  the  amoants  of 
sail  snr&oe  and  the  angles  of  weather  were  the  same  in  both.  Whed 
No.  35  had  exactly  the  same  sails  as  No.  19,  except  that  each  sail  of  Na 
35  contained  two  of  No.  19  placed  edge  to  edge,  making  12  broad  ssiis 
instead  of  24  narrow  ones.  By  simply  changing  the  angle  of  weather 
from  27.5  degrees  to  25  degrees,  we  made  No.  35  into  No.  36  and  thus 
gained  nearly  6  per  cent  over  No.  19.  The  wide  sails  did  better  with 
less  angle  of  weather.  Wheel  No.  6,  with  the  same  number  of  sails  as 
No.  19  but  narrower,  required  a  greater  angle  of  weather,  30  degrees. 

It  is  apparent  that  for  a  given  total  of  sail  area  it  is  better  to 
divide  the  surface  between  fewer  sails.  It  may  be  noted  that  wheel 
No.  48,  with  six  sails,  gave,  in  proportion  to  total  sail  area,  nearly 
two  and  a  half  times  the  efficiency  of  No.  2  with  60  sails.  Bedudng 
the  number  of  sails  reduces  the  aerial  resistance  to  motion  due  to  the 
number  of  edges,  and  leaves  relatively  freer  interstices  for  the  flow  of 
air  between  the  sails. 


BEST  RELATIVE   AREAS   OF   SAIL  SURFACE. 


Tables  on  pages  47  and  49  give  the  following  results  for  wheels  Nos. 
19,24,  and  29: 

Effect  of  area  of  tail  surface  on  efficiency. 


Square  feet  of  sail  surface , 

Ratio  of  maximum  products  (a) 


Xo.  19. 

No.  24. 

No.  29. 

12.937 
1.204 

15.000 
1.212 

17. 016 
1.201 

aCoropare<l  with  wheel  No.  2. 

These  three  wheels  were  nearly  of  the  same  eflBcieucy.  As  compared 
with  the  area  of  the  zone  containing  the  sails,  No.  19  was  about  three- 
fourths  full,  No.  24  was  about  seven  eighths  full,  and  No.  29  was  what 
we  call  full,  as  the  total  area  of  the  sails  about  equaled  the  area  of 
the  zone  containing  them.  These  wheels  all  contained  the  same  num- 
ber of  sails  set  at  the  same  angle,  and  differed  only  in  width  of  the 
sailff.  It  is  clear  that  nothing  was  gamed  by  luakiug  the  total  sail 
area  more  than  seveneightlis  of  t\io  zone,  awd  \^a\*  ^«t^ 'SiVXXfe^^ 
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gadned  by  filling  beyond  three  fourths  of  the  zone — surely  not  enough 
to  pay  for  the  extra  material. 

From  the  table  on  page  66  we  obtain  the  relative  values  of  these 
three  wheels  i)er  square  foot  of  sail  surface,  viz,  for  No.  19,  0.0931 ;  for 
Ko.  24, 0.0808;  and  for  No.  29,  0.0706.  Notice  also  the  relative  values 
pv  square  foot  of  sail  snr&ce  as  given  for  other  wheels  in  this  table. 

ACTUAL  KFFICnEHCT  OF  THK  WIND  WHEEL. 

To  obtain  the  actual  efficiency  of  wind  wheel  No.  2,  taking  the  result 
j-ecorded  in  the  table  on  page  27,  we  first  obtain  the  maximum  work 
performed  by  multiplying  the  maximum  product  by  the  circumference 
at  a  circle  whose  diameter  is  2  feet.  (See  note  under  the  table  on 
page  28.) 

62.403  =  maximum  product  in  the  table. 
6.283  feet  =  circumference  of  circle  2  feet  in  diameter. 
62.463  X  6.283  =  392.455  foot-pounds  per  minute  =  work  of  wind 

wheel  No.  2  at  maximum. 
The  XK>tential  energy  of  the  wind  is  expressed  by  the  well-known 

formula   "       =  =^-5  X  q-  in  which  we  make  W=  weight  of  air  inter- 
2  ff        32»J      2 

oepted  per  second  by  the  total  area  of  the  wind  wheel,  v  =  velocity 
of  wind  in  feet  per  second,  and  ()r= 32.2,  the  velocity  acquired  each  sec- 
ond by  a  body  whose  motion  is  not  resisted  when  impelled  by  a  con 
stant  force  equal  to  its  own  weight.  The  temperature  as  recorded 
was  50^  F.,  and  on  the  same  day  at  2  p.  m.,  in  Chicago,  the  barometer 
stood  at  28.983.  Hence  0.075  pound  may  be  .taken  as  the  weight  of 
1  cubic  foot  of  air,  19.635  square  feet  as  the  total  area  of  the  wheel 
which  was  5  feet  in  diameter,  and  12.286  feet  per  second,  or  8.403  mQes 
per  hour,  as  the  velocity  of  wind.    Thus,  W  =  19.635  x  12.286  x  0.075 

=  18.093  pounds  per  second,  t?»  =  150.946,  and  ^/-^  ^^^Ji}^^^ 

2g  2  X  32.2 

=  42.4078  foot-i>ounds  i>er  second,  or  2544.468  foot  pounds  per  minute. 

The  portion  of  actual  energy  of  wind  utilized  by  wind  wheel  No.  2, 

..     ^  .  .  ^.     .     392.455       ^^., 

or  its  efficiency,  is  accordingly  25444^8  ~  ^-^^^  +• 

To  obtain  the  efficiency  of  any  other  wind  wheel  whose  maximum 
product  is  directly  compared  with  maximum  product  of  wheel  No.  2  as 
sbown  in  the  tables  of  later  date  than  March  13, 1883,  it  is  only  neces- 
sary to  multiply  0.154,  the  efficiency  of*  wheel  No.  2,  by  the  ratio  of 
products  obtainable  from  the  various  tables. 

For  example,  in  the  table  on  page  59  we  find  1.872  given  as  the  ratio  of 
maximum  products  for  wheels  No.  48  and  No.  2.  Hence,  0.154  x  1.872 
=0.288  is  the  efficiency  of  wheel  No.  48.  This  is  the  highest  efficiency 
attained  by  any  of  the  wheels  whose  i)roducts  are  recorded  in  the  pre- 
ceding tables. 
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WORK  OF  VARIABLE  WIND  WITH  VARIABUE  LOAD. 

In  most  localities  the  velocity  of  the  wind  is  exceedingly  variable. 
The  average  of  velocity  recorded  for  an  hour  by  an  anemometer  gives 
no  idea  of  the  total  actual  energy  of  the  wind. 

It  might  in  conception  be  actually  of  uniform  velocity,  bat  where  the 
average  velocity  is  10  miles  per  hour  it  is  quite  as  likely  to  blow  one- 
half  the  time  at  the  rate  of  20  miles  and  during  the  other  half  not  at 
all.  The  potential  energy  of  20-mile  wind  for  half  an  hour  is  four  times 
as  great  as  that  of  a  uniform  10-mile  wind  for  a  whole  hour,  idtiiough 
the  average  velocity  x>er  hour  in  each  case  is  the  same. 

This  is  taking  an  extreme  case,  but  it  shows  how  the  wind  as  'A 
blows  may  and  does  develop  much  more  energy  than  could  be  derived 
from  uniform  wind  of  equal  velocity  as  usually  recorded.  It  would  be 
desirable,  if  possible,  to  have  the  load  applied  to  a  wind  wheel  vary  as 
the  square  of  the  velocity  of  wind,  in  order  that  the  work  might  be  ' 
the  greatest  possible.  Any  fixed  load  which  allows  the  wheel  to  nm 
freely  most  of  the  time  is  generally  altogether  too  small  during  much  of 
the  time  as  well  as  too  great  at  other  times.  For  most  uses  to  which 
wind  wheels  are  especially  adapted  an  automatic  regulation  of  the  load 
to  meet  the  varying  wind  would  make  the  best  form  of  wind  wheel 
regulation. 

REGULATION  OP   WIND  WHEELS. 

Ordinarily  wind  wheels  in  this  country  are  made  to  regulate  them- 
selves automatically,  so  that  they  can  not  attain  a  very  rapid  rate  of 
rotation.  This  practice  of  not  allowing  the  wheel  to  run  at  more  than 
a  very  moderate  speed  is  due  to  the  fact  that  our  wind  wheels  have 
been  developed  mostly  in  connection  with  the  operation  of  common 
reciprocating  pumps  attached  directly  to  a  crank  on  the  shaft  of  the 
wheel.  Such  direct  connection  necessitates  a  slow  motion  of  the  wheel, 
in  order  that  the  piston  speed  of  the  pump  may  not  exceed  its  econom- 
ical limit.  The  consequence  is  that  many  wind  wheels  are  allowed  to 
do  only  a  small  part  of  the  work  which  they  are  capable  of  developing. 
Too  much  attention  has  been  paid  to  restraining  automatically  the 
speed  of  wind  wheels  by  means  which  involve  a  waste  of  power.  So 
far  as  the  safety  of  the  wheel  itself  is  concerned  there  should  be  no 
need  of  restraining  its  speed  in  any  wind  under  40  miles  per  hour;  and 
it  should  be  borne  in  mind  that  strains  on  the  wheel,  due  to  any  given 
amount  of  work,  may  be  diminished  in  the  same  ratio  that  the  speed  of 
the  wheel  is  increased. 

The  gearing  of  a  wind  wheel,  whether  it  is  geared  up  or  down,  should 
be  made  to  suit  the  work  and  the  nature  of  the  device  through  which 
the  power  of  the  wheel  is  applied  to  use.  When  the  machine  driven 
reciuires  a  high  speed  of  revolution,  much  gearing  up  may  be  avoided 
if  the  wind  wheel  is  allowed  to  revolve  rapidly.  Back  gearing  for  slov 
ruuniug  macbinea  should  be  resorted  to  wYiew^v^T  ^  ^\t^«X,  ejwiYkftfcNiss^ 
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1th  the  machine  to  be  driven  will  not  allow  the  driven  mechanism 
nd  the  wind  wheel  both  to  have  their  best  speeds  with  reference  to 
"ork  and  wind. 

For  any  given  velocity  of  wind  .the  speed  of  the  wind  wheel  should 
ot  change,  no  matter  what  the  nature  of  the  work  or  of  the  machine 
liroagh  which  work  is  performed;  but  the  gearing  should  be  snch  as 
>  suit  the  load  to  the  wind. 

LIIOTATIOK  TO  81ZK  OF  WIND  WHEELS  ON  ACCOUNT  OF  WEIGHT. 

Probably  in  no  other  form  of  motor  does  a  gain  in  efficiency  effect  so 
reat  a  saving  in  weight  as  in  the  wind  wheel.  The  strength  of  other 
lotors  needs  to  be  proportional  to  their  own  power.  A  4-horsepower 
team  engine  for  instance  does  not  need  to  weigh  more  than  four 
imes  as  much  as  a  1-horsepower  engine,  as  the  strains  to  which  it 
3  subjected  are  only  four  times  as  great.  But  a  4-horsepower  wind 
rheel  needs  to  be  eight  times  as  heavy  as  a  1-horsepower  wheel  in 
»rder  to  resist  equally  well  the  violence  of  exceptional  storms.  It  is 
ihe  strains  of  storms,  and  not  its  own  working  strains,  that  determine 
he  required  strength  of  a  wind  wheel. 

Consider  a  single  sail  A  supported  on  the  end  of  an  arm  fastened  to 
I  central  spider.  Let  L  =  length  of  the  arm  from  center  of  wind  pres- 
mre  on  sail  to  point  of  attachment  to  spider.  If  the  wind  wheel  is 
lonbled  in  diameter,  keeping  the  same  proportions,  L  will  be  doubled 
ind  the  area  of  A  will  be  four  times  as  great.  Hence  the  arm  needs  to 
resist  four  times  the  wind  pressure  acting  at  double  the  former  distance 
3at  from  its  point  of  attachment,  and  needs  to  have  eight  times  its 
former  strength.  This  eightfold  strength  is  secured  by  doubling  all 
Lineal  dimensions,  as  evidently  should  be  done,  when  the  diameter  of  a 
wind  wheel  is  doubled. 

But  the  doubling  of  all  lineal  dimensions  makes  the  wheel  weigh 
eight  times  as  much,  and  as  its  area  is  only  fonr  times  as  great,  it 
follows  that,  in  proportion  to  its  power,  the  weight  of  the  wheel  is 
doubled. 

As  actually  made,  all  the  dimensions  of  large  wind  mills  do  not  con- 
form strictly  to  the  proportions  of  small  mills,  and  often  the  large 
wheels  are  built  after  different  models  from  small  ones.  But  it  is  well- 
known  that  the  large  wheels  as  built  do  not  resist  storms  so  well  as 
small  ones,  and  costly  experience  has  taught  manufacturers  to  make  the 
weight  of  their  large  wheels  at  least  approximately  what  calculation 
leqaires. 

On  account  of  the  disproportionate  weight  of  large  wind  wheels,  the 
towers  which  support  them  also  have  to  be  made  considerably  heavier 
than  would  be  the  case  if  the  large  wheels  required  no  more  material 
in  proportion  to  power  than  do  small  wheels.  If  the  tower  for  a  large 
wind  wheel  were  of  correspondingly  greater  height,  the  weights  of  towers 
would  foJJoir  t)ie  Hame  law  that  should  control  the  we\g\i\.%  ot  ^\i^j^^% 

It  is  evident  thnt  small  wind  wheels  are  more  efficieut  \u  v'^ovotVK.QiW 
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to  weight  than  large  ones,  and  that  the  cost  of  constrnction,  as  the 
wheels  are  made  larger,  is  increased  in  mach  greater  prox)ortioD  than 
the  gain  in  power. 

EFFICIBNCY  OF  WIND  WHEELS  AS  AFFECTED  BY  DIAMKTZR. 

Another  reason  why  small  wind  wheels  are  more  efficient  than  large 
ones  is  that  the  wind  meets  all  parts  of  the  area  of  a  small  wheel  with 
greater  uniformity  of  velocity.  It  needs  no  special  acateness  of  obser- 
vation to  discover  that  the  wind  strikes  different  portions  of  large 
wheels  with  great  nnevenness  of  velocity. 

Before  commencing  the  experiments  here  recorded  we  attempted  to 
measure  the  i>ower  of  a  wind  wheel  22  feet  in  diameter  in  natoral  wind. 
By  way  of  preparation  we  made  a  special  anemometer,  which  indicated 
at  sight  the  velocity  of  wind.  We  placed  the  anemometer  as  near  to 
the  wind  wheel  as  possible,  expecting  to  be  able  to  note  where  its 
pointer  stood  and  know  the  wind  velocity  for  a  minute  of  time,  daring 
which  the  revolutions  of  the  wheel  carrying  a  known  load  might  be 
counted.  The  first  thing  we  learned  was  that  the  anemometer  never 
pointed  steadily  to  any  uniform  velocity  of  wind  even  for  one-fourth 
of  a  minute,  and  we  next  observed  that  the  anemometer  would  some- 
times almost  stop  running  when  the  wind  wheel  showed  an  extra  spart 
of  speed ;  also  the  wind  wheel  would  slow  down  while  the  speed  of  the 
anemometer  was  accelerated.  We  could  often  hear  the  wind  whiatliDg 
through  the  sails  on  the  opposite  side  of  the  wind  wheel,  while  very 
little  wind  was  felt  on  the  near  side  close  to  the  anemomet^.  We  were 
unable  to  obtain  a  single  measurement  which  we  considered  worth 
preservation.-  We  could  not  determine  even  the  best  load  fiir  any 
wind,  to  say  nothing  about  comparative  results..  We  do  not  doubt 
that  localities  might  be  found  where  the  wind  would  blow  with  greater 
uniformity,  but  our  experience  in  trying  to  measure  the  power  of 
wind  wheels  in  natural  wind  led  us  to  provide  for  artificial  wind  befiire 
proceeding  further.  The  slight  variations  in  the  best  artificial  wind 
we  could  command  caused  a  great  abundance  of  vexations,  whieh 
made  the  obtaining  of  accurate  average  results  a  matter  of  tedioos 
labor. 

HEIGHT  OF   TOWKRS. 

Nothiug  like  steady  wind  can  be  obtained  near  the  ground  in  an 
inhabited  country.  Buildings,  trees,  and  other  obstructions  set  the 
wind  to  whirling  and  cause  it  to  flow  in  sinuous  streams  of  very  uneven 
velocity,  concentrated  in  one  place  at  the  exx)ense  of  another. 

There  is  no  effective  remedy  except  in  the  elevation  of  the  wind 
wheels  several  feet  at  least  above  all  obstructions,  even  if  the  obstruc- 
tions are  isolated  and  a  thousand  feet  away.  In  order  that  a  large 
wind  wheel  may  be  as  efficient  in  proportion  to  its  area  as  a  small 
wbeelf  its  height  above  the  ground  ii\ust\)e>  ^i^aXe^t.  '$>o\^\'3»^\vi\i'^U^ 
not  far  oat  of  the  way  to  say  that  t\\e  we\s\\U  ot  \\i^  \ft^^\^  ^•e.^^'^ 
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le  weights  of  fhe  wind  wheel8,.for  oqaal  safety  and  efBciency,  should 
)  nearly  proportional  to  the  cubes  of  the  diameters  of  the  wheels. 

MULTIPUCATION  OF  WUID  POWER. 

We  have  shown  that  for  equal  safety  in  storms  the  weights  of  wind 
beels  of  different  sizes  and  like  forms  should  be  proportioned  to  the 
ibes  of  their  diameters.  It  would  require  four  12-foot  wheels  to  equal 
e  area  and  power  of  one  24-foot  wheel,  if  the  larger  wheel  is  propor- 
)Dately  elevated.  But  the  weight  of  the  one  24-foot  wheel  would  be 
rice  as  great  as  the  combined  weight  of  the  four  12-foot  wheels,  and 
e  weight  of  the  one  higher  tower  would  probably  be  twice  that  of 
efour  shorter  towers  combined.  Hence  it  would  seem  that  in  pro- 
irtion  to  the  power  obtained  in  each  case,  the  one  24-foot  wheel  would 
Bt  twice  as  much  in  material.  The  thought  naturally  presents  itself 
at  the  four  12-foot  wheels  ought  in  some  way  to  be  combined  so  as  to 
t  in  unison  for  concentrating  a  great  amount  of  power  where  it  is 
sirable  to  use  the  power  at  only  one  point,  as  in  driving  one  machine 
large  dimensions.  K  the  four  wheels  were  coupled  together  rigidly 
9  trouble  from  uneven  reception  of  wind  which  is  experienced  in 
ge  wheels  would  be  aogmented.  The  problem  has  not  been  worked 
b,  but  we  may  imagine  a  number  of  wind  wlieelSy  each  compressing 
according  to  its  own  ability  and  delivering  it  at  any  distance  into  a 
nmon  reservoir.  Natural  elevations  would  be  selected  as  locations 
windmills,  and  such  a  plant  could  not  be  rendered  useless  for  the 
le  by  an  accident  to  one  or  two  of  the  wind  wheels.  There  would 
^essarily  be  considerable  loss  in  compressing  air,  but  a  low-pressure 
item  might  be  devised  that  would  greatly  reduce  the  waste.  Some 
ste  of  power  attends  every  mode  of  transmission.  In  seeking  to 
.ke  a  gain  in  i>ower  of  100  per  cent  in  proportion  to  cost  of  plant, 
)  loss  of  an  extra  25  per  cent  in  transmission  might  well  be  tolerated. 
Chore  may,  however,  be  other  and  better  methods  for  accomplishing 
3  object  in  view  than  by  the  means  we  have  ventured  to  suggest. 

POWER  OF  TWELVB-FOOT  WIND  WHEEL. 

Fhe  maximum  product  of  our  best  experimental  wheel,  No.  48,  is  given 

247.123  in  the  table  on  page  59,  and  the  velocity  of  wind  as  10.035 

les  i>er  hour. 

The  constant  6.283  multiplied  by  products  gives  the  foot-pounds  of 

rk  per  minute.  Hence  247.123  x  6.2^3  =  1552.674  foot-pounds  =  work 

r  minute  of  No.  48  in  wind  of  10.935  miles  per  hour. 

Fhe  work  of  5-mile  wind  compared  with  the  work  of  10.935-mile  wind 

i''     5     \^ 
i0"936  )  ^^  SS^^.    Hence,  the  work  of  No.  48  is,  in  5-mile  wind, 

>2.674  X  .0956  or  148.345  foot-pounds.    The  work  of  a  12.foot  wheel 

rl2  \* 
y^  )  or  854.467  foot-pouikA^,N»\v\!c\v\^^«jfMi^ 

\(f259  horsepower. 


96  EXPERIMENTS   WITH   WINDMILLS.  lio.a. 

It  is^  therefore,  approximately  correct^  to  call  the  iK>wer  of  a  12-foot 
wind  wheel  in  5-mile  wind  eqaid  to  one-fortieth  of  a  horsepower.  Com- 
pnting  the  power  of  other  wind  velocities  according  to  the  law  of  cabes, 
we  obtain  for  the  power  of  a  12-foot  wheel,  one-fortieth  or  0.025  horse- 
power in  5-mile  wind,  0.2  horsepower  in  10-mile  wind,  0.675  horsepower 
in  15-mile  wind,  1.6  horsepower  in  20-mile  wind,  3.125  horsepower  in 
25-mile  wind,  5.4  horsepower  in  30-mile  wind,  8.575  horsepower  in  35-iDile 
wind,  and  12.8  horsepower  in  40-mile  wind. 

Most  12-foot  wind  wheels,  as  now  made,  are  strong  enough  to  stand 
the  strain  of  ftirnishing  IS-horsepower,  and  this  we  believe  is  not  beyond 
the  actaal  achievement  of  some  12-foot  wind  wheels  in  40-mile  wind. 

VALUE  OF   MATHEMATICAL  FORMULiE   IN  EXPERIMENTAL  INVESTIGATIONS. 

The  formnlsB  which  Professor  Baukine  and  other  mathematicians 
have  applied  to  wind  wheels  give  for  maximum  theoretical  efficiency 
only  50  per  cent  of  the  potential  energy  of  the  wind  actually  intercepted 
by  the  sails.    Our  experimental  wind  wheel  No.  48  realized  an  efficiency 
of  more  than  44  per  cent,  if  we  consider  only  the  wind  which  would  be 
intercepted  by  a  surface  equal  to  the  projections  of  the  sails  ou  the 
plane  of  the  wheel.    So,  if  we  should  accept  previous  mathematical  cal- 
culations as  correct,  we  have  already  made  a  wind  wheel  which  utilizes 
88  x>er  cent  of  the  greatest  possible  theoretical  result,  and  the  remain- 
ing 12  per  cent  margin  would  not  furnish  very  great  incentive  to 
attempts  at  improvement.    Mathematicians  hitherto  have  treated  tbe 
sails  of  wind  wheels  as  flat  surfaces.    Even  for  flat  surfaces  their 
theoretical  results  have  been  entirely  too  small;  but  it  is  not  oar 
purj)ose  to  discuss  x)reviou8  mathematical  errors.    Wind- wheel  sails  of 
proper  form  are  not  flat,  but  curved  surfaces,  and  in  analyzing  the 
action  of  wind  on  curved  sails  we  have  not  contradicted  Bankine's 
formuhe,  but  have  confined  ourselves  to  making  such  suppositions  as 
may  be  actually  true  in  practice.    Bankine's  formulse  for  the  action  of 
fluids  on  curved  vanes  give  as  a  theoretical  result  a  maximum  efficiency 
of  100  per  cent.    This  is  correct.    It  shows  that  we  have  not  made  a 
very  efficient  wind  wheel  yet,  and  afi'ords  hope  for  the  attainment  of 
still  better  results  in  the  future.    We  know  that  there  is  a  great  waste 
of  energy  somewhere,  even  in  the  best  wind  wheels  we  have  been  able 
to  produce,  but  we  are  encouraged  to  think  that  much  of  the  waste  can 
be  avoided.    We  do  not  claim,  therefore,  that  our  experiments  have 
revealed  the  whole  truth.    In  fact  we  believe  that  only  a  beginning 
has  been  made,  and  fully  expect  to  see  our  best  results  greatly  sur- 
passed.   In  our  view,  the  results  of  our  experiments,  as  here  recorded, 
are  far  richer  in  the  suggestions  offered  than  in  the  efficiencies  realized. 
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LETTER  OF  TRANSMITTAL. 


Dbpartmbnt  of  thb  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 
Washington,  October  20,  1898. 

Sir:  I  have  the  honor. to  transmit  herewith  a  report  on  the  wells  of 

diana,  prepared  by  Mr.  Frank  Leverett,  assistant  geologist  of  this 

rvey.     This  material  was  brought  together  by  Mr.  Leverett  in  con- 

ction  with  glacial  investigations,  as  noted  in  the  general  discussion 

the  water  resources  of  Indiana  and  Ohio,  published  in  Part  IV  of 

)  Eighteenth  Annual  Report  of  the  Survey,  on  pages  419-^59. 

my  details  were  omitted  in  that  publication,  as  the  volume  assumed 

Iky  dimensions;  but  these  detailed  facts  have  considerable  value 

1  are  needed  for  reference  by  citizens  of  Indiana,  and  it  is  there- 

e  desirable  to  make  them  available  by  publishing  them  in  the  series 

Water-Supply  and  Irrigation  Papers. 

W^ith  these  data  are  presented  two  maps,  one  illustrating  the  dis- 

bation  of  the  glacial  deposits  and  the  other  the  relation  of  the  drift 

the  ordinary  wells  of  the  State.     These  are  portions  of  Plates 

i^XVI  and  XXXVII  of  Part  IV  of  the  Eighteenth  Annual  Report. 

eir  reproduction  in  connection  with  this  paper  is  essential  to  the 

%T  understanding  of  the  descriptive  matter. 

Very  respectfully,  F.  H.  Newell, 

Hydrographer  in  Charge, 
Ion.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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^VELLS  OF   NORTHERN  INDIANA. 


By  Frank  Lbverett. 


GEXERAXi  STATEMENT. 

The  data  included  in  this  disoussion  of  Indiana  wells  were  collected 
ainly  daring  the  prosecution  of  the  study  of  the  glacial  drift  by  the 
riter  under  the  direction  of  Prof.  T.  C.  Chamberlin.  The  portion 
the  State  north  of  the  latitude  of  Terre  Haute  and  Brookville, 
nbracing  about  two-thirds  of  the  area,  has  been  examined  much 
ore  thoroughly  than  the  portion  south  of  that  line.  In  the  former 
strict  nearly  every  township  has  been  traversed  and  close  attention 
ven  to  the  conditions  for  obtaining  wells.  In  the  latter  district  only 
few  hasty  trips  have  been  made.  Consequently  the  discussion  for 
e  northern  two-thirds  of  the  State  is  much  fuller  than  for  the  south- 
n  third.  In  addition  to  material  x>ersonally  collected  a  considerable 
Dount  is  taken  from  reports  of  the  Indiana  geological  survey,  many 
dU  sections  having  been  published  in  those  reports.  Such  material 
accredited  to  the  original  sources. 

A  portion  of  the  State,  as  has  long  been  known,  lies  outside  the 
acial  boundary.  The  approximate  position  of  the  boundary  has 
^en  determined  in  i)art  by  Prof.  6.  F.  Wright,  in  connection  with  the 
aited  States  Geological  Survey,  and  in  part  by  members  of  the  Indi- 
la  geological  survey.  Professor  Wright's  location  of  the  glacial 
^nndary  in  the  southwestern  part  of  the  State  appears  to  be  less 
'-curate  than  in  the  southeastern  part.  In  the  former  district  it  has 
^n  found  by  members  of  the  Indiana  survey  and  also  by  Prof.  J.  C. 
ranner  to  be  in  places  at  least  20  miles  back  from  the  limits  of  the 
ift,  but  in  the  latter  district  the  writer's  studies  have  sustained,  in 
e  main,  the  tracing  made  by  Piofessor  Wright,  no  drift  having  been 
>ted  more  than  6  or  8  miles  outside  his  line.  The  latest  results  con- 
rning  the  position  of  the  glacial  boundary  are  embodied  in  the 
acial  map  of  Indiana  and  Ohio  here  presented  (PI.  I).  It  will  be 
Mserved  that  the  boundary  lies  south  of  the  Ohio  River  as  far  west 
I  the  vicinity  of  Louisville,  Kentucky.  Just  above  this  city  it  crosses 
e  Ohio  and  turns  abruptly  northward,  passing  through  western 
arke,  northeastern  Washington,  central  Jackson,  and  eastern  Brown 

The  length  of  a  siiiRle  ixiper  in  this  series  being  hmited  by  law  to  100  pages^  It  is  ndooaasrY  t» 
ide  this  pupsr  into  two  parts  and  isene  them  separately.    The  last  parts  T«AaX.Vii«\A>Xi<^  «nra^^^- 
partkm of  tbe Bute,  wUlbepnbUBbed as  Water-Snpply  andlrr\gaUoiiP«g«T'£lo.^ V!iaa.\ft^«£\. 
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counties,  Indiana,  a  distance  of  about  50  miles.  The  coarse  is  then 
westward  for  about  30  miles,  through  northern  Brown  and  north- 
ern Monroe  counties.  In  northwestern  Monroe  County  it  makes  an 
abrupt  turn  to  the  south  and  leads  through  western  Monroe,  eastern 
Greene,  western  Martin,  and  northwestern  Dubois  counties.  From 
southwestern  Dubois  County  the  course  is  south  of  west  across  Pike, 
Gibson,  and  Posey  counties  to  the  extreme  southwestern  comer  of 
the  State. 

The  average  thickness  of  the  drift  in  the  State  is  estimated  to  be 
about  130  feet.  It  consists  of  a  complex  series  of  sheets,  differing 
widely  in  age  and  in  structure.  These  sheets  are  made  known  largely 
by  the  well  sections  which  appear  in  this  report,  for  streams  and  nat- 
ural exposures  seldom  reach  the  bottom  of  the  drift.  From  a  study 
of  the  drift  sheets  of  Indiana  and  neighboring  States,  the  glacial  suc- 
cession has  been  worked  out  suf&ciently  to  determine  the  leading 
stages  of  glaciation  and  deglaciation. 

It  appears  that  the  sheet  which  forms  the  surface  of  much  of  the 
glaciated  portion  of  Illinois,  and  which  is  known  as  the  lUinoian  drift 
sheet,  is  exposed  only  in  a  few  counties  in  Indiana,  in  the  southwestern' 
and  southeastern  portions  of  the  State,  the  remainder  being  covered 
by  later  deposits  of  drift.  The  thickness  where  this  single  sheet  is 
exposed  to  view  averages  scarcely  more  than  30  feet,  or  less  than 
one-fourth  the  estimated  average  for  the  State. 

In  Illinois  and  Iowa  there  is  a  sheet  of  glacial  drift  exposed  to  view 
which  was  apparently  deposited  contemporaneously  with  the  great 
silt  deposit  of  the  Mississippi  Valley,  to  which  the  German  term  loess 
has  been  applied.  This  sheet  has  not  yet  been  identified  in  Indiana, 
but  the  lllinoian  drift  sheet,  where  exposed  to  view,  is  capped  by  a 
deposit  of  loess-like  silt,  several  feet  in  thickness,  which  was  in  all 
probability  deposited  at  the  time  of  the  loess  deposition  of  the  Mis- 
sissippi Valley  and  of  the  correlative  drift  sheet,  which  from  its 
development  in  Iowa  is  known  as  the  lowaii  sheet.  The  lowan  drift 
sheet  may  be  present  underneath  later  drift  sheets  in  the  northern 
portion  of  Indiana. 

The  next  important  stage  of  glaciation  has  been  termed  the  Wis- 
consin, chiefly  because  of  its  extent  and  early  recognition  as  a  lat«r 
sheet  of  drift  in  the  State  of  that  name.  It  covers  the  northeastern 
fourth  of  Illinois  and  extends  south  into  Indiana,  about  to  the  lati- 
tude of  Terre  Haute  and  Brookville.  The  border  is  somewhat  irregu- 
lar, but  departs  scarcely  more  than  20  miles  to  the  north  or  south  of  a 
line  leading  eastward  from  Terre  Haute  to  Brookville,  the  greatest 
departure  being  in  the  western  part  of  the  State,  where  it  is  deflected 
northward  near  the  line  of  the  Wabasli  River  about  20  miles.  The 
course  of  this  boundary  is  indicated  on  the  glacial  map  (PI.  I).  It 
passes  near  the  towns  of  Terre  Haute,  Rockville,  Greencastle,  Moores- 
vjJJe,  Columbus,  and  Brookville.    The  \oeaa  T^l^tr^d  to  above  covers 
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the  drift  to  the  south  of  this  line,  bat  paaees  beneath  the  drift  of 
Wifloonsin  age  to  the  north  of  it.  In  the  discussion  of  counties  near 
this  boundary  numerous  sections  are  given  showing  that  the  Wiscon- 
sin drift  is  much  fresher  than  that  which  underlies  it.  The  difference 
in  age  is  known  not  only  by  difference  in  induration  of  the  bowlder 
days,  but  also  by  the  presence  of  a  distinct  soil  formed  on  a  land 
surface  between  the  withdrawal  of  the  ice  of  lUinoian  age  and  the 
glacial  advances  which  resulted  in  the  deposition  of  later  drift  sheets. 
A  soil  is  found  between  the  lUinoian  drift  sheet  and  the  capping  of 
loess  as  well  as  between  the  latter  and  the  overlying  Wisconsin  drift. 

From  the  time  the  ice  sheet  occupied  the  outer  border  of  the  Wis- 
consin drift  down  to  its  final  withdrawal  from  the  State,  it  was 
apparently  subjected  to  considerable  oscillation  of  front  and  also  to  a 
shifting  in  direction  of  movement.  In  the  earlier  stages  the  move- 
ment was  apparently  nearly  southward  across  northern  Indiana,  but 
in  the  later  stages  there  was  a  change  to  a  southwestward  movement. 
There  is  a  growing  tendency  among  the  glacialists  who  are  familiar 
with  this  region  to  separate  the  two  movements,  giving  the  name 
Early  Wisconsin  to  the  southward  and  Late  Wisconsin  to  the  south- 
westward  movement. 

During  the  southwestward  movement  Indiana  was  covered  by  ice 
nearly  as  far  south  as  during  the  southward  movement,  but  Illinois 
was  invaded  to  a  comparatively  short  distance  at  that  stage  of  gla- 
ciation.  During  this  southwestward  movement  the  ice  sheet  was 
divided  into  a  series  of  lobes  whose  extent  and  characteristics  have 
been  set  forth  by  Chamberlin  in  the  Third  Annual  Report  of  this 
Survey.  At  the  junction  of  these  lobes  great  interlobate  moraines 
were  formed.  One  of  these,  occupying  the  line  between  the  Saginaw 
and  Erie-Maumee  lobes,  leads  from  the  northeastern  corner  of  Indiana 
southwestward  to  Cass  County.  These  interlobate  moraines  are  gen- 
erally more  prominent  than  those  formed  at  the  ends  of  the  lobes. 
The  one  just  referred  to  has  a  few  knolls  which  rise  nearly  200  feet 
above  the  neighboring  basins,  though  the  oscillations  in  level  between 
knolls  and  basins  are  generally  less  than  50  feet.  One  of  the  most 
prominent  moraines  formed  at  the  end  of  an  ice  lobe  is  the  Valparaiso, 
situated  north  of  the  Kankakee  Basin,  in  northwestern  Indiana,  and 
so  called  from  the  city  of  Valparaiso,  located  on  it.  It  was  formed 
by  the  Lake  Michigan  glacier  at  a  time  when  that  glacier  extended 
but  little  beyond  the  limits  of  the  shore  of  Lake  Michigan.  Another 
prominent  moraine,  known  as  the  Maxinkuckee,  leads  southward  from 
Michigan  past  South  Bend  to  Lake  Maxinkuckee,  and  thence  east- 
ward to  join  the  great  interlobate  moraine  formed  between  the  Sagi- 
naw and  Erie  lobes.  It  was  formed  by  the  Saginaw  ice  lobe  at  the 
time  it  first  became  clearly  differentiated  from  the  Erie  lobe.  These 
and  several  other  moraines  are  discussed  in  connection  with  the  well 
sections  which  have  been  sunk  in  them.  Furtiher  OA^evx^oii  %i\»  \9q^& 
point  seema,  therefore,  unnecessary. 
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It  will  be  observed  that  the  structure  of  the  drift  is  intimately 
related  to  the  position  with  i*eference  to  the  ice  margin  at  the  time  of 
deposition.  Much  of  the  drift  deposited  under  the  margin  of  the  ice 
is  a  compact,  bowlder  clay,  to  which  the  Scottish  term  tiU  is  applied, 
while  that  deposited  at  the  end,  or  carried  beyond  the  ice  by  waters 
issuing  from  it,  consists  largely  of  sand  and  gravel,  or  if  the  issuing 
waters  were  sluggish  the  deposits  may  be  of  a  silty  character. 

In  the  discussion  of  the  counties  which  border  the  Kankakee  marsh, 
attention  is  called  to  a  deposit  of  sand  which  covers  the  glaciaL 
drift.     It  was  formed  apparently  by  a  glacial  lake  which  occupied 
that  region  for  a  brief  period  while  the  ice  sheet  was  still  blocking  th^ 
Wabash  Valley  to  the  south.     This  lake  was  long  since  recognized  hy^^ 
Bradley  and  named  Lake  Kankakee.^    A  lake  formerly  extend 
beyond  the  present  shore  of  Lake  Michigan  into  the  northweste 
counties  of  Indiana,  to  which  the  writer  has  recently  applied  the  nam 
Lake  Chicago.^    It  had  south  westward  discharge,  through  what  i 
known  as  the  Chicago  outlet,  into  the  Des  Plaines  River  and  then 
to  the  Illinois  and  Mississippi.     This  lake  also  has  left  deposits  o 
sand  on  the  counties  of  Indiana  which  it  covered.    In  the  northeaster 
part  of  Indiana  there  is  also  an  old  lake  area  with  well-defined  beac 
lines,  occupied  by  the  glacial  Lake  Maumee,^  which  had  southwes^^-  - 
ward  discharge,  through  the  **Fort  Wayne  outlet,"  into  the  Wabas"^:^ 
River.    This  lake  bottom  is  covered  less  thickly  by  deposits  of  saD  ^zl 
and  silt  than  the  bottoms  of  Lakes  Kankakee  and  Chicago. 

The  discussion  begins  at  the  northwestern  corner  of  the  State,  and 
counties  are  taken  up  in  order  in  tiers,  the  first  tier  running  west  to 
east,  the  second  from  east  to  west,  the  third  from  west  to  east,  etc. , 
following  nearly  the  numbering  of  the  counties  on  the  maps.  In  tlie 
case  of  the  southern  counties,  the  data  are  so  meager  that  they  are 
considered  in  groups  under  the  head  of  the  immediately  subjacent 
rock  formation. 

The  records  of  wells  here  presented  should  not  be  understood  to 
indicate  the  usual  depth,  for  the  majority  of  wells  probably  are  less 
than  25  feet  in  depth.  They  represent  the  deepest  concerning  which 
information  could  be  obtained,  and  are  selected  because  such  wells 
convey  more  information  con  erning  the  drift  structure  and  its  capac- 
ity for  supplying  wells  than  the  shallow  ones.  The  relation  of  the  drift 
to  the  ordinary  wells  is  set  forth  in  PI.  II. 

The  borings  for  natural  gas,  whicli  are  especially  numerous  in  the 
central  and  eastern  parts  of  the  State,  often  throw  light  ui)on  the 
structure  of  the  deeper  portion  of  the  drift  and  its  water  resources 
where  deep  water  wells  have  not  been  made.  They  also  throw  con- 
siderable light  upon  the  water  horizons  in  the  underlying  rock  strata. 
Such  information  as  was  obtained  from  the  records  of  these  borings  is 

>  Oeol  ornUnois,  Vol.  IV,  1870,  pp.  238-229. 

'Oeol.  and  Nat  Hist  Survey,  Chicago  Acad,  ot  Sciences,  BuW.  "So. ^A«n>\iiV.ftt^8. 
'C.  R.  Dryer,  Sixteenth  Ann.  Rept  Indiana  Goo\.  Survey  >^^i«^>1P\>^Sfl-\\V. 


i    --  -    - 

X 

6  -   __       1 

1 

M 

n  in 

^    ^^ 

^ 

Jrl 

wm3. 

if 

-li|iii3jlii5ii«s3|i.r?iisifiJi|if!!H»iii: 

5l5S3sBlllll?isS3l:ili3iHlJdllli<llllll|s5illll 
-  -t  -                 -5-    -           -  -r 

'.]  LAKE   COUNTY.  IS 


lere  presented,  though  it  is  not  so  full  as  could  be  desired.  In  this 
onnection  it  may  be  remarked  that  information  concerning  water  sup- 
ply in  the  deeper  part  of  the  drift  and  in  the  underlying  rocks  is  very 
neager,  compared  with  the  knowledge  concerning  the  surface  portion 
•f  the  drift.  'Information  concerning  these  deeper  beds  has  been 
:reatly  extended  since  the  discovery  of  natural  gas.  In  many 
nstances  borings  which  failed  to  obtain  gas  have  been  subsequently 
umed  to  use  because  of  the  water  which  they  yield.  Thus  a  resource 
irhich  was  overlooked  in  the  excitement  incident  to  the  discovery  of 
jas  is  likely  to  receive  proper  development  in  the  near  future. 

DETALLED  DISCUSSION  OB"  WEI^IiS. 

LAKE  COUNTY. 

Oeneral  statement. — ^Lake  County,  situated  in  the  extreme  north- 
«rest  comer  of  Indiana,  has  for  its  northern  border  the  shore  of  Lake 
Michigan  and  for  its  southern  border  the  Kankakee  River.  It  extends 
eastward  from  the  State  line  about  16  miles,  and  has  an  area  of  500 
M^uare  miles. 

The  Valparaiso  moraine  leads  west  to  east  across  the  central  por- 
ion  of  the  county,  and  has  a  width  of  about  10  miles.  It  is  a  some- 
what elevated  rolling  tract,  standing  100  to  200  feet  higher  than  Lake 
Michigan.  Wells  are  sunk  to  considerable  depth,  few  wells  being 
)btained  at  less  than  25  feet,  while  many  are  50  to  100  feet  or  more. 
These  wells  are  obtained  usually  in  beds  or  pockets  of  sand  or  gravel 
)etween  till  sheets. 

North  of  the  moraine  there  is  a  low  plain,  much  of  which  was  cov- 
ered by  Lake  Chicago,  the  glacial  predecessor  of  Lake  Michigan,  which 
lad  its  outlet  southwest  to  the  Des  Plaines  River.  For  several  miles 
K)uth  from  the  present  shore  of  Lake  Michigan  the  sand  deposits  of 
his  old  lake  bottom  are  so  heavy  that  wells  10  to  40  feet  in  depth  are 
)ften  obtained  without  reaching  the  underlying  till.  But  near  the 
noraine  the  sand  becomes  thinner,  and  is  in  places  but  a  mere  skim 
coating.  On  this  portion  of  the  plain  wells  are  carried  to  as  great 
lepth  as  on  the  moraine,  and  water  is  obtained  in  gravel  deposits  in 
he  till. 

South  of  the  Valparaiso  moraine  is  a  narrow  strip  of  gravelly  land 
brmed  by  the  waters  escaping  from  the  ice  at  the  time  it  occupied 
he  moraine.  On  this  plain  the  wells  usually  obtain  their  water  at 
lepths  of  10  to  25  feet,  without  reaching  the  bottom  of  the  gravel 
leposit.  Extending  several  miles  north  from  the  Kankakee,  in  the 
louthern  part  of  the  county,  there  is  a  marsh  too  wot  for  settlement. 

The  glacial  deposits  of  Lake  County  are  so  heavy  that  wells  may 
>e  obtained  without  entering  the  underlying  rock.  Borings  for  arte- 
ian  water  or  for  natural  gas,  made  at  Hammond,  Ilobart,  and  Crown 
^oint,  penetrate  110,  160,  and  176  feet  of  drift,  respectively.  From 
hese  borings  it  appears  that  the  drift  of  this  co\mX»^  iii«i^  V^'s^  %si 
T^erage  thickness  of  about  150  feet. 
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Individual  wells, — ^At  Hammond  many  wells  are  driven  to  a  depth 
of  10  to  18  feet  in  sand,  entering  water  at  about  8  feet.  Filters  are 
used  in  some  cases.  Below  the  sand  is  a  nearly  solid  bed  of  blue  till, 
90  feet  in  thickness,  which  contains  but  little  water.  At  about  110 
feet  Lockx>ort  (often  called  Niagara)  limestone  is  entered,  which  fiu^ 
nishes  water  containing  sulphureted  hydrogen.  The  artesian  well 
boring  at  the  distillery,  1,900  feet  in  depth,  is  discussed  elsewhere.^ 

At  Whiting  a  portion  of  the  water  supply  is  furnished  by  shallow 
wells  in  the  beach  sand,  20  feet  or  less  in  depth.  A  portion  of  the 
water  supply  is  pumped  from  Lake  Michigan  by  the  Standard  Oil 
Comx)any  and  made  use  of  by  many  families. 

The  villages  of  Gibson,  Hessville,  Tolleston,  Liverpool,  and  Lake 
all  depend  upon  shallow  wells  driven  or  dug  to  a  depth  of  10  to  40 
feet  in  the  surface  sand.  In  some  cases  contamination  is  liable  to 
occur  from  privy  vaults  and  other  sources. 

At  Hobart  the  wells  15  to  25  feet  in  depth  usually  penetrate  a  few 
feet  of  clay,  which  probably  prevents  contamination  of  water.  A  well 
at  Owens's  brickyard  reaches  the  underlying  rock  and  has  the  follow- 
ing section: 

Feet 

Yellow  silt,  pebbleleeo,  calcareous 10 

Blue  silt,  pebbleless,  calcareous 50 

Blue  till,  hard  and  stony 97 

Hard  rock 8 

Total leo 

Mr.  Leavenworth's  well,  3  miles  west  of  Hobart,  depth  80  feet,  is 
above  the  limits  of  the  lake  deposit  and  is  mainly  through  blue  till. 
Several  wells  in  that  vicinity  50  to  100  feet  deep  do  not  reach  the 
bottom  of  the  drift. 

Wells  in  the  vicinity  of  Ainsworth,  on  the  north  slope  of  the  Val- 
paraiso moraine,  often  exceed  50  feet.  After  penetrating  yellow  till 
10  or  12  feet  they  are  mainly  through  blue  till. 

In  the  vicinity  of  Crown  Point,  near  the  crest  of  the  Valparaiso 
moraine,  there  are  several  tubular  wells  75  or  80  feet  in  depth,  mainly 
through  blue  till. 

Tubular  wells  in  the  vicinity  of  St.  John,  near  the  crest  of  the  mo- 
raine, obtain  water  at  50  to  100  feet  in  sand  beds  included  in  the  till. 

Wells  on  the  south  slope  of  the  Valparaiso  moraine  usually  enter  a 
water-bearing  sand  or  gravel  after  penetrating  a  few  feet  of  till,  water 
being  more  easily  obtained  there  than  on  the  crest  or  north  slope. 

A  well  at  the  powder  factory,  1  mile  west  of  Miller  Station,  in  the 
northern  part  of  the  county,  75  feet  in  depth,  entered  a  bed  of  molluscan 
shells  at  the  bottom  of  the  sand,  40  feet  below  the  surface  and  proba- 
bly several  feet  above  the  level  of  Lake  Michigan.  Below  the  shells 
a  bluish  silt  or  fine  sand  is  penetrated  35  feet. 

*  See  Eighteenth  Ann.  Rept.  U.  8.  Geo\.  SurveyaBa^ri.PiiaetW  A«R>^.«i. 
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PORTER  COUNTY. 

OeffMTtil  staiemenl. — Porter  County  is  situated  just  east  of  Lake 
omity,  and  has  Lake  Michigan  for  its  northern  and  the  Kankakee 
;iYer  for  its  southern  border.  It  is  15  miles  in  breadth,  25  to  30 
dies  in  length,  and  has  an  area  of  410  square  miles. 

The  Valx)araiBo  moraine  traverses  the  county  from  southwest  to 
ortheast,  slightly  north  of  the  center,  and  has  a  width  of  about  8 
Liles.  It  reaches  a  higher  elevation  in  this  county  than  in  Lake, 
)me  points  being  fully  250  feet  above  Lake  Michigan.  It  includes 
sveral  lakes,  one  of  which  furnishes  the  water  supply  for  Valx)arai80, 
hie  <5ounty  seat.  In  the  western  i)ortion  of  the  county  till  predomi- 
ates  as  far  as  wells  penetrate — 150  to  200  feet.  But  in  the  eastern 
ortion  of  the  county,  where  the  moraine  reaches  its  highest  eleva- 
ion,  it  contains  a  large  amount  of  dry  sand  and  gravel,  and  strong 
rolls  are  obtained  only  by  penetrating  to  a  depth  of  100  to  160  leet. 

Extending  north  from  the  moraine  there  is  a  low  plain  reaching  to 
he  Calumet  River,  which  is  underlain,  as  a  rule,  by  till,  but  is  coated 
uite  generally  with  sand.  In  this  plain  wells  vary  greatly  in  depth, 
»ut  are  usually  20  to  40  feet. 

North  of  the  Calumet  River  there  is  a  narrow  ridge  of  till  forming 
r  feeble  morainic  belt.  Its  width  seldom  exceeds  1  mile  and  its 
elief  is  but  30  to  50  feet.  Along  this  ridge  wells  are  frequently  75 
0  125  feet  in  depth,  it  being  one  of  the  most  difficult  places  in  the 
ounty  to  obtain  water. 

Nbrth  of  this  till  ridge  there  are  heavy  deposits  of  lake  sand,  render- 
Qg  a  portion  of  the  district  a  barren  waste.  The  sand  is  drifted  by 
he  wind  into  dunes  100  to  200  feet  in  height.  This  belt,  however, 
ccupies  only  a  breadth  of  2  or  3  miles,  though  extending  the  entire 
ridth  of  the  county.  This  district  is  largely  uninhabited.  In  the 
arms  along  its  border  next  the  till  ridge  wells  usually  obtain  water 
►efore  reaching  the  bottom  of  the  sand  at  depths  of  25  to  50  feet. 

South  of  the  Valparaiso  moraine  the  formations  are  like  those  of 
iake  County,  there  being  a  gravel  plain  several  miles  in  width, 
xtending  on  the  south  into  the  uninhabited  Kankakee  marsh.  The 
loraine  extends  spurs  out  into  this  gravel  plain  nearly  to  the  borders 
f  the  marsh. 

The  glacial  deposits  of  this  county,  like  those  of  Lake,  are  so  heavy 
hat  wells  obtain  water  without  entering  the  underlying  rock.  Bor- 
Qgs  for  natural  gas  made  at  Valparaiso,  Hebron,  and  Boone  Grove 
penetrate  126,  108,  and  140  feet  of  drift,  respectively,  while  a  boring 
or  an  artesian  well  in  the  northeast  part  of  the  county  has  245  feet 
t  drift.  It  appears  from  these  borings  that  the  average  thickness  of 
he  drift  in  this  county  may  slightly  exceed  150  feet.  Several  wells 
long  the  Valparaiso  moraine,  as  indicated  below,  reach  a  depth  of 
ver  150  feet  without  entering  rock. 
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Individual  tceUs. — ^The  Blair  artfedan  well,  in  the  extreme  north- 
east comer  of  the  eoonty  (sec.  1,  T.  37,  R.  5  W.),  has  the  following 
section: 

Feet 

1.  Sand  with  peaty  beds  near  bottom 90 

2.  Adhesive  blue  clay  with  thin  sand  beds 55 

3.  Gravel  and  sand  with  water 9 

4.  Bine  clay  like  No.  2 110 

5.  Gravel  with  water 6 

6.  Bine  clay  like  No.  2 85 

7.  Shale(?) 1 

8.  Hard  gray  limestone 180 

9.  Soft  rock,  snbject  to  caving  in  places 68 

10.  Hard  limestone W2 

Total 864 

The  well  month  is  abont  20  feet  above  Lake  Michigan,  or  600  feet 
above  tide.  Flows  occnr  at  68,  72,  78,  80,  85,  95,  and  abont  200  feet 
in  the  drift.  The  flows  were  weak  until  a  depth  of  abont  85  feet  was 
reached,  when  a  strong  flow  with  head  18  feet  above  the  surface  was 
obtained.  The  flow  from  200  feet  is  also  strong.  The  water  from  all 
the  veins  in  the  drift  is  fresh  and  of  good  quality.  At  a  depth  of  370 
feet  sulphur  water  was  struck,  which  gradually  increased  in  strength 
in  the  next  150  feet.  The  head  is,  however,  10  feet  lower  than  that 
from  the  drift  deposits.  The  combined  flow  is  about  400  barrels  per 
hour  and  the  temperature  62°  F. 

At  Fumessville,  on  a  beach  line  in  the  north  x)art  of  the  county,  a 
well  80  feet  in  depth  penetrated  beach  sand  25  feet,  at  the  base  of 
which  logs  were  encountered.  Below  the  logs  is  a  blue  clay,  probably 
till,  which  was  penetrated  about  50  feet  when  a  water-bearing  sand 
and  gravel  was  struck. 

A  well  on  the  beach  line  immediately  north  of  Calumet  River,  near 
the  east  line  of  the  county,  obtains  water  at  the  base  of  the  beach 
sand  at  23  feet.  Neighboring  wells  south  of  the  beach  line  enter  a 
blue  clay,  nearly  pebbleless,  at  3  to  5  feet,  and  in  some  cases  penetrate 
this  to  a  depth  of  50  feet  before  obtaining  water. 

At  Chesterton  and  Hageman,  in  the  northern  part  of  the  county, 
wells  are  seldom  more  than  20  feet  in  depth,  and  usually  obtain  water 
at  10  or  12  feet.  As  they  are  mainly  through  sand,  there  is  danger  of 
contamination. 

Records  of  several  wells  were  obtained  along  the  till  ridge  north  of 
Calumet  River,  near  Chesterton.  They  penetrate  yellow  till  18  or  20 
feet,  below  which  is  a  blue  till,  hard  and  stony,  which  is  usually 
penetrated  40  or  50  feet  before  a  water-bearing  sand  or  gravel  can  be 
obtained.  In  one  well  a  dry  sand,  15  or  20  feet  in  thickness,  was 
found  between  the  yellow  and  blue  tills,  and  the  blue  till  there 
afforded  no  water  until  it  had  been  penetrated  70  feet.  The  depth  of 
the  well  iti  125  feet. 
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Piom  the  Calumet  River  sonth  to  the  Valparaiso  moraine  water  is 
ually  obtained  at  8  to  25  feet.  In  some  cases  surface  clay  a  few 
3t  in  depth  is  penetrated,  but  quite  as  often  the  wells  are  almost 
tirely  in  sand  or  gravel.  In  the  western  part  of  the  county,  bow- 
er, in  the  vicinity  of  Wheeler  and  northward  for  4  or  5  miles,  this 
ain  is  underlain  by  a  compact  till,  and  wells  are  in  some  places 
fficult  to  obtain.  There  is  a  small  till  ridge  leading  north  from 
heeler,  on  which  it  is  especially  difficult  to  obtain  wells.  Several 
>rings  have  been  made  along  the  ridge  to  a  depth  of  100  to  200  feet. 
i  one  case  a  boring  was  abandoned  at  200  feet  without  obtaining 
ater.  In  another  case  water  was  obtained  after  penetrating  155  feet 
'  till.  Another  well  found  water  after  penetrating  115  feet  of  till, 
plain  known  as  Twenty  Mile  Prairie,  lying  north  and  east  of  the 
Q  ridge  just  mentioned,  is  underlain  by  a  very  fine  sand,  so  that 
ells  have  been  carried  to  a  depth  of  150  feet  before  entering  coarse 
mi  or  gravel.    On  this  prairie  there  is  usually: 

TeUowtill 7  to  10 

Blnetill 20 

Pine  gray  quicksand 75  to  125 

Passing  to  the  Valparaiso  moraine,  we  find  in  the  western  x)art  of 
16  county  a  region  in  which  strong  wells  are  difficult  to  obtain, 
coept  in  a  few  favored  localities,  there  being  a  very  compact  till, 
milar  to  that  on  the  plain  north  of  the  moraine.  At  Smalls  Cross- 
ig,  3  miles  southwest  of  Wheeler,  a  well  penetrates  the  following 
3cl8: 

Foot. 

YeUowtiU 8  to   10 

BlnetUl 86  to   40 

A  fine  sandy  deposit,  in  places  resembling  till 160 

Coarse  water-bearing  sand 10 

Total : 210 

Mr.  Currier's  well,  1  mile  south  of  Wheeler,  in  which  no  good  vein 
water  was  found,  penetrates — 

Feet 

YeUowtill 16 

Bine  till,  soft 140 

Bine  till,  hard 80 


Total 104 

On  the  south  slope  of  the  moraine  in  the  western  part  of  the  county, 
^ter-bearing  sand  or  gravel  is  usually  found  at  about  40  or  50  feet. 
Following  the  moraine  northeastward  to  Valparaiso,  the  till  is  found 
give  place  in  its  lower  portion  to  beds  of  sand  and  gravel.  In  the 
ithem  part  of  Valparaiso,  and  also  for  some  distance  south  of  the 
y,  wells  often  obtain  water  at  a  depth  of  25  feet.  Occasional  deeper 
lis  in  that  district  show  a  large  amount  of  coarse  sand  or  fine  gravel 
low  a  few  feet  of  surface  till.    On  the  elevated  ground  in  the  north- 
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em  part  of  Valparaiso  wells  nsually  penetrate  about  30  or  40  feet  of 
yellow  and  blue  till,  underlain  by  dry  sand,  which  is  often  penetrated 
60  or  60  feet  before  water-bearing  sand  or  gravel  is  reached.  The 
drift  is  of  this  character  for  several  miles  northeast  from  Val- 
paraiso, and  wells  are  often  carried  to  a  depth  of  130  to  160  feet 
before  obtaining  water.  For  example,  a  boring  at  Jackson  Center 
penetrates — 

Foot. 

1.  Yellowtill 80 

2.  Dry  sand 90 

8.  Blue-gray  clay,  tongh  and  spongy 45  or  50 

4.  Water-bearing  sand 10 

Total 170 

In  some  wells  near  Jackson  Center  a  water-bearing  sand  is  found  at 
the  top  of  the  blue  clay  (No.  3)  at  about  120  feet.  Where  this  is  too 
fine  to  be  easily  screened  the  wells  continue  through  the  blue  day, 
obtaining  water  in  coarse  sand  at  160  to  175  feet.  Near  Flint  Lake 
the  wells  are  100  to  130  feet  deep  and  obtain  water  in  the  sand  above 
the  blue  clay. 

In  southern  Porter  County  a  boring  for  gas  at  Boone  Grove  pene- 
trates— 

Feet 

1.  Yellow  loamy  clay 8 

2,  Water-bearing  sand 92 

8.  Hard  blue  till 40 

4.  Black  shale  (Deyonlan) 125 

5.  Limestone 15 

Total 280 

In  the  gravel  plain  south  of  the  Valparaiso  moraine  wells  usually 
obtain  water  at  10  to  20  feet,  without  penetrating  any  till.  The  gravel 
in  places,  however,  does  not  coat  the  sheet  of  till  that  lies  outside  the 
moraine.  Thus  at  Kouts  Station  there  is  a  surface  till  18  or  20  feet, 
beneath  which  water  is  obtained  in  a  deposit  of  gravel  at  25  to  35  feet. 
At  Hebron,  also,  wells  encounter  till,  and  water  is  found  at  about  40 
feet. 

The  Kankakee  marsh  extends  several  miles  north  of  the  river  in  the 
southern  part  of  the  county,  and  this  area  is  so  generally  covered  with 
water  that  it  is  unfit  for  settlement. 

LAPORTE   COUNTY. 

Oeneral  statement — Laporte  County  is  situated  immediately  east  of 
Porter.  It  fronts  for  a  few  miles  on  Lake  Michigan,  on  its  northern 
boundary,  but  that  boundary  is  formed  mainl}^  by  the  Stat^  line. 
The  southern  boundary  is  formed  mainly  by  the  Kankakee  River,  but 
in  the  southeastern  part  the  county  extends  a  few  miles  beyond  the 
river.  The  width  of  the  county  is  21  to  23  miles  and  the  length  is  22 
to  32  miles,  being  greatest  at  the  westerxv  \>oTd^Y.  T\i^  «.\ea  is  540 
square  miles. 
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The  Valparaiso  moraine  leads  northeastward  across  the  northwest- 
n  x)ortion  of  the  county  and  has  a  width  of  about  6  miles.  Its  crest 
IS  an  elevation  of  225  to  300  feet  or  more  above  Lake  Michigan.  It 
icloses  several  lakes,  from  one  of  which  the  city  water  supply  of 
aporte  is  obtained.  It  rises  very  abruptly  on  its  northwest  border 
30ve  the  low  plain  that  lies  between  it  and  Lake  Michigan,  but  on 
s  Bontheast  border  a  gravel  outwash  from  the  moraine  is  built  up 
?aFly  to  the  level  of  the  crest,  and  the  descent  is  gradual  from  the 
loraine  to  the  Kankakee  marsh.  The  marsh  stands  fully  100  feet 
k>ove  Lake  Michigan  in  eastern  Laporte  County  and  about  75  feet  at 
le  western  border  of  the  county.  It  is,  therefore,  150  to  200  feet  or 
lore  below  the  crest  of  the  moraine.  The  gravel  plain  makes  a  descent 
f  75  or  100  feet  in  the  interval  of  8  or  10  miles  between  the  moraine 
nd  the  marsh. 

On  the  low  plain  bordering  Lake  Michigan,  in  the  northwestern  part 
f  the  county,  there  are  a  series  of  narrow  till  ridges  or  feeble  moraines 
rhich  govern  the  drainage  of  that  region  to  a  marked  degree,  though 
laving  a  relief  of  but  30  to  50  feet.  On  the  immediate  border  of  the 
ake  there  are  prominent  dunes,  rising  in  places  to  a  height  of  150  feet 
kbove  lake  level. 

The  glacial  deposits  are  so  heavy  that  ordinary  wells  are  obtained 
irithout  entering  the  underlying  rock.  A  boring  for  gas  at  Lacrosse, 
Q  the  southern  part  of  the  county,  is  reported  to  enter  rock  at  38  feet. 
^he  gas  boring  at  Laporte,  the  county  seat,  penetrates  295  feet  of 
Irift.  The  gas  boring  at  Michigan  City  penetrates  250  feet,  while  the 
.rtesian  well  at  the  penitentiary  at  Michigan  City  penetrates  only  170 
eet.  These  borings  indicate  that  the  thickness  varies  greatly,  and 
re  scarcely  suflficient  to  justify  an  estimate  of  the  average  thickness 
or  the  county. 

Individzud  wells, — The  gas-well  boring  at  Michigan  City  has  the 
ollowing  section : 

Feet. 

.  Dry  snrf ace  sand 15 

.  Qnicksand 10 

.  Gravel 5 

.  Blue  till,  pebbly  and  rather  hard 167 

.  Gravel  containing  cobble  and  bowlders 15 

.  Sand  and  gravel,  with  occasional  large  stones     _ 40 

.  Limestone,  with  thin  beds  of  shale,  extending  to  the  bottom  of  the  weU 570 

Total-.  819 

At  a  depth  of  210  feet  a  flow  of  fresh  water  was  obtained  from  the 
rift,  with  a  head  15  feet  above  the  surface.  The  strength  of  the 
ow  increased  downward  to  the  rock  at  250  feet.  A  strong  flow  of 
alphur  water  was  obtained  from  the  limestone  at  about  450  feet. 
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here  preeeiitecl,  though  It  is  not  so  full  as  could  be  desired.  In  this 
connection  it  may  be  remarked  that  information  concerning  water  sup- 
ply in  the  deeper  part  of  the  drift  and  in  the  underlying  rocks  is  very 
meager,  oomjiared  with  the  knowledge  concerning  the  surface  portion 
Qf  the  drift.  'Information  concerning  these  deeper  beds  has  been 
p-eatly  extended  since  the  discovery  of  natural  gas.  In  many 
instances  borings  which  failed  to  obtain  gas  have  been  subsequently 
turned  to  use  because  of  the  water  which  they  yield.  Thus  a  resource 
which  was  overlooked  in  the  excitement  incident  to  the  discovery  of 
gas  is  likely  to  receive  proper  development  in  the  near  future. 

DBTATTiFiP  DISCUSSION  OF  WBI-IiS. 

LAKE  COUNTY. 

Gfenercd  stcUement. — ^Lake  County,  situated  in  the  extreme  north- 
west comer  of  Indiana,  has  for  its  northern  border  the  shore  of  Lake 
Michigan  and  for  its  southern  border  the  Kankakee  River.  It  extends 
eastward  from  the  State  line  about  16  miles,  and  has  an  area  of  500 
square  miles. 

The  Valparaiso  moraine  leads  west  to  east  across  the  central  por- 
tion of  the  county,  and  has  a  width  of  about  10  miles.  It  is  a  some- 
what elevated  rolling  tract,  standing  100  to  200  feet  higher  than  Lake 
Michigan.  Wells  are  sunk  to  considerable  depth,  few  wells  being 
obtained  at  less  than  25  feet,  while  many  are  50  to  100  feet  or  more. 
These  wells  are  obtained  usually  in  beds  or  pockets  of  sand  or  gravel 
between  till  sheets. 

North  of  the  moraine  there  is  a  low  plain,  much  of  which  was  cov- 
ered by  Lake  Chicago,  the  glacial  predecessor  of  Lake  Michigan,  which 
had  its  outlet  southwest  to  the  Des  Plaines  River.  For  several  miles 
south  from  the  present  shore  of  Lake  Michigan  the  sand  deposits  of 
this  old  lake  bottom  are  so  heavy  that  wells  10  to  40  feet  in  depth  are 
often  obtained  without  reaching  the  underlying  till.  But  near  the 
moraine  the  sand  becomes  thinner,  and  is  in  places  but  a  mere  skim 
coating.  On  this  portion  of  the  plain  wells  are  carried  to  as  great 
depth  as  on  the  moraine,  and  water  is  obtained  in  gravel  deposits  in 
the  till. 

South  of  the  Valparaiso  moraine  is  a  narrow  strip  of  gravelly  land 
formed  by  the  waters  escaping  from  the  ice  at  the  time  it  occupied 
the  moraine.  On  this  plain  the  wells  usually  obtain  their  water  at 
depths  of  10  to  25  feet,  without  reaching  the  bottom  of  the  gravel 
dei>osit.  Extending  several  miles  north  from  the  Kankakee,  in  the 
southern  part  of  the  county,  there  is  a  marsh  too  wet  for  settlement. 

The  glacial  deposits  of  Lake  County  are  so  heavy  that  wells  may 
be  obtained  without  entering  the  underlying  rock.  Borings  for  arte- 
sian water  or  for  natural  gas,  made  at  Hammond,  Hobart,  and  Crown 
Point,  penetrate  110,  160,  and  176  feet  of  drift,  respectively.  From 
these  horiDgs  it  appears  that  the  drift  of  this  cownXiy  TfiLtt^  \\»iN^  «s^ 
average  thickness  of  about  150  feet. 
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Individual  wells. — ^The  gaft-weU  boring  at  Soath  Bend  is  reported  by 

lyr.  Phinney  ^  as  f^rflows: 

•— -  -' 

F60L 

L  Sod 25 

2.  GnTel » 

a.  Clay 30 

4.  Snd 25 

5.  OrmTd 87 

6.  Sbaks 288 

7.  Limestone .-  805 

8.  Limestones  and  shales 220 

•.  Uticmshale 185 

10.  Trenton  limestone 85 

Total 1,870 

Salt  water  was  strack  at  375  and  610  feet,  and  also  in  the  TFenton 
at  1,670  feet.  From  the  latter  horizon  it  rose  within  200  feet  of  the 
surface. 

The  city  of  South  Bend  obtains  its  water  supply  from  about  30 
flowing  wells,  situated  along  the  valley  of  the  St.  Joseph  River.  The 
wells  have  a  depth  of  100  to  125  feet,  with  an  average  of  about  110 
feet.  They  are  obtained  in  gravel  beneath  a  l)ed  of  cla}'  20  to  40  feet 
in  thickness,  which  acts  as  a  cover  and  prevents  contamination  of  the 
water.  This  clay  is  probably  a  water  deposit  rather  than  a  glacial 
deposit,  as  it  is  described  as  entirely  free  from  pebbles  of  any  kind. 
The  head  is  sufficient  to  carry  the  water  above  the  surface  only  on 
the  low  ground  along  the  river  bottom,  about  670  feet  above  tide. 
The  gravel  plain  on  which  the  city  was  built  stands  20  to  30  feet  or 
more  above  the  height  to  which  the  water  will  rise. 

The  private  wells  in  South  Bend  are  often  obtained  without  pene- 
trating a  bed  of  clay,  and  the  ground  water  is  usually  at  sufficient 
height  to  easily  receive  the  leaching  from  cesspools.  Such  wells  may 
become  a  source  of  danger  to  the  health  of  the  city. 

Wells  in  the  city  of  Mishawaka  are  also  situated  on  a  gravel  plain, 
and  are  usually  about  20  feet  in  depth,  and  the  water  stands  within 
12  feet  of  the  surface.  There  appear  in  the  majority  of  cases  to  be 
no  beds  of  clay  or  other  impervious  material  to  prevent  contamination 
of  the  water  from  cesspools.  The  St.  Joseph  River,  drawn  upon  for 
fire  protection  and  irrigation,  might  easily  be  made  to  furnish  the 
supply  for  domestic  use. 

Wells  on  Portjige  Prairie,  a  gravel  plain  in  the  northwest  part  of 
the  county,  are  usually  GO  or  80  feet,  and  seldom  less  than  40  feet,  in 
depth.  A  well  on  this  prairie,  at  Mr.  Womer's,  near  the  State  line, 
174  feet  in  depth,  has  the  following  section: 

Feet 

1.  Sand  and  gravel,  with  waternear  bottom 67 

3.  Blue  clay  and  blue  quicksand 99 

3.  Gravel  and  sand,  with  water 8 

Total 174 

'iilievtfiitii  Ann.  Kept.  U.  S.  Geoi.  Surrey ^Y««»J*i^V«fft.V^»iV^.'a^ 
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Wells  on  the  gravel  plain  west  of  the  Maxinkuokee  moraine,  near 
N^orth  Liberty,  usually  enter  clay  below  the  gravel  at  about  20  fe^t. 
Fwo  wells  in  the  Potato  Greek  valley,  east  of  North  Liberty,  obtain 
Aows  of  water  from  depths  of  45  and  70  feet. 

Wells  at  Walkerton,  also  on  the  gravel  plain,  obtain  water  at  20  or 
30  feet.  The  water  surface  is  usually  nearly  20  feet  from  the  mouth 
)f  the  well,  but  even  this  depth  is  not  suf&cient  to  insure  freedom 
^rom  contamination,  there  being  no  imx)ervious  stratum  above  the 
nrater  vein. 

A  well  on  the  gravel  plain  between  Walkerton  and  North  Liberty, 
in  sec.  5,  T.  35,  R.  1  E.,  160  feet  in  depth,  is  mainly  through  sand 
wd  gravel.  The  water  rises  nearly  to  the  surface.  Wells  in  that 
ncinity  usually  obtain  water  at  10  to  20  feet.  One  well  near  Walker- 
ton, however,  failing  to  obtain  water  in  the  surface  gravel,  passed 
through  a  pebbleless  blue  clay  50  feet  in  thickness,  obtaining  water 
At  a  depth  of  70  or  80  feet. 

Records  of  two  deep  wells  were  obtained  on  the  Maxinkuckee 
Dioraine,  about  8  miles  south  of  South  Bend,  in  sec.  17,  T.  36,  R.  2  B. 
One  at  Mr.  Sweeney's,  131  feet  in  depth,  after  penetrating  22  feet  of 
fellow  till,  passes  through  alternations  of  sand  and  blue  till  for  about 
100  feet  before  reaching  the  coarse  gravel.  The  other  well,  at  Mr. 
McClelland's,  has  a  similar  section  and  is  146  feet  in  depth. 

On  the  plain  east  from  the  Maxinkuckee  moraine  many  wells  are 
but  15  to  20  feet  in  depth,  and  enter  sand  or  gravel  below  till  near  the 
bottom.    A  few  tubular  wells  are  80  or  100  feet  in  depth. 

ELKHART  COUNTY. 

O^neral  statement. — ^Elkhart  County  is  situated  immediately  east  of 
3t.  Joseph  County,  on  the  north  boundary  of  the  State,  and  has  an  area 
>f  470  square  miles.  Like  St.  Joseph  County,  a  large  portion  of  its  sur- 
face is  a  gravel  plain.  The  most  extensive  gravel  plain  is  that  along 
the  St.  Joseph  River,  in  the  northwest  part  of  the  county,  which  com- 
[)rises  an  area  of  more  than  100  square  miles.  There  is  also  a  gravel 
plain  along  the  Elkhart  River  from  the  southeast  corner  of  the  county 
lorthwestward  to  the  St.  Joseph  gravel  plain.  From  the  Elkhart 
pravel  plain  there  are  e3rtjen8ion8  southward  into  Kosciusko  County, 
3ast  New  Paris  and  Milford,  and  southeastward  into  Noble  County 
lear  Cromwell.  This  system  of  gravel  plains  comprises  an  area  of 
:ully  100  square  miles.  There  is  also  a  narrow  gravel  plain  along 
Little  Elkhart  River,  in  the  northeast  part  of  the  county.  About 
lalf  the  county  is,  therefore,  embraced  in  the  gravel  plains.  The 
iplands  consist  of  a  till  plain  having  an  area  of  about  125  square 
niles,  situated  in  the  southwest  part  of  the  county,  and  of  morainic 
>elts,  with  small  areas  of  nearly  plain  surface,  occupying  an  area  of 
ibout  150  square  miles  in  the  eastern  and  southern  parts  of  the 
^nnt^.    The  altitude  of  the  gravel  plains  is  mainly  \)c!Von7  \!i[i^%^^lQK2^k 
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eoBloiir.  Tb&  oplftnds  are  wudnlj  Ijeiwcca  SOO  aad  900  feet  abofe 
tide,  tlioii^di  sfluQ  arcss  on  tke  BocmiBeB  in  the  ritffrn  and  norfii- 
eestem  parte  <i€  the  eountr  rise  abore  900  feci. 

The  thiekneas  of  the  drift  is  known  at  thice  points — ^Elkhart  and 
Goehen,  and  near  New  Fuxs,  where  it  is  liS,  162,  and  90  feet,  reqwG- 
tirelj.  Shoold  the  roek  surface  of  the  entire  coontj  be  as  low  as  al 
these  weDs,  the  thirkw^w  of  the  drift  woold  aTerage  follj  200  feet 

Individual  wdU. — ^At  EDdbait  the  nugoritj  of  wells  are  about  30 
feet  in  depth.  They  penetrate  sand  and  grsTel  for  20  feet  or  more, 
when  a  thin  bed  of  ebij  is  osoaDj  fmind  as  a  cover  for  the  water- 
bearing grayeL  The  mayor  reports  that  he  eonaiders  the  day  a  pro- 
teetion  against  cootamination. 

A  few  wells  in  Elkhart  have  been  pot  down  to  a  depth  of  100  to  120 
feet,  which  have  snllicient  head  to  oToilow  on  the  low  groond  near 
the  streams.  They  penetrate  nsoally  a  large  amoont  c^  bine  clay,  and 
obtain  water  in  a  coarse  gravel  or  cobble  near  the  base  c^  the  drift 
The  water  from  these  flowing  wells  is  chalybeate. 

At  Goshen  the  city  water  sopply  is  from  a  large  well,  34  feet  in 
depth  and  30  feet  in  diameter.  After  penetrating  a  few  feet  of  but- 
face  sand,  it  passes  throngh  19  feet  of  bine  clay,  which  is  thought  to 
insure  its  freedom  from  contamination.  The  water  is  obtained  from 
a  coarse  sand  beneath  the  bine  clay.  Its  head  is  suffid^it  to  bring  it 
to  the  level  of  the  well  month. 

One  of  the  gas-well  borings  at  Groshen  was  carried  only  to  the  Lock- 
port  limestone,  where  salt  water  was  strock  which  rose  to  the  sarfaoe. 
Another  gas-well  boring  in  that  city  was  carried  to  a  depth  of  239  feet 
into  the  Trenton  (Phinney).  So  far  as  known  no  use  is  made  of  the 
water  from  either  of  these  wells. 

In  the  vicinity  of  Middlebnry,  in  the  eastern  part  of  the  county,  on 
the  elevated  portions  of  the  moraine,  tabular  wells  are  usually  80  or 
100  feet  deep  and  penetrate  a  large  amount  of  tiU. 

A  well  on  the  border  of  the  St.  Joseph  gravel  plain  in  the  northeast 
part  of  the  county,  in  sec.  27,  T.  38,  R.  7  E.,  is  mainly  through  gravel 
to  a  depth  of  65  feet.  Wells  on  this  plain  are  usually  but  15  or  20 
feet. 

Near  New  Paris,  on  the  border  of  a  morainie  ridge,  one  well  pene- 
trates till  to  a  depth  of  110  feet,  another,  1  mile  north,  102  feet  in 
depth,  is  mainly  in  sand  and  gravel.  It  is  thought  to  have  struck 
rock  at  about  90  feet.  The  morainie  tracts  in  that  vicinity  usually 
contain  more  gravel  and  sand  than  till.  Knolls  are  often  composed 
largely  of  gravel.  In  the  eastern  and  northeastern  part  of  the  county 
the  morainie  tracts  contain  a  larger  proportion  of  till. 

The  upland  plain  in  the  southwestern  i>ortion  of  the  county  is  a 

continuation  of  the  plain  of  southeastern  St.  Joseph  County,  and  its 

wells  have  similar  depth  and  structure,  being  through  till  for  a  dis- 

tance  of  20  or  25  feet,  when  a  water-beaTiii^  ^an^  ot  %;t^vel  is  struck. 
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[n  some  cases  wells  are  obtained  at  about  10  feet  in  a  bed  of  sand  or 

■ 

gravel  between  the  yellow  and  blue  till.  A  few  tubular  wells  have 
t>een  sunk  to  a  depth  of  80  or  100  feet  to  a  water-bearing  sand  or  gravel 
[)elow  a  sheet  of  blue  till. 

LAGRANGE  COUNTY. 

Oeneral  staiement. — ^Lagrange  County  is  situated  immediately  east 
of  Elkhart,  on  the  north  boundary  of  the  State,  and  has  an  area  of 
384  square  miles.  It  is  one  of  the  most  elevated  counties  in  the  State, 
the  greater  part  of  its  surface  being  above  the  (KX)-f oot  contour,  while 
several  tracts  in  the  eastern  part  of  the  county,  aggregating  an  area 
of  perhaps  75  square  miles,  stand  above  the  1,000-foot  contour.  It 
has  several  small  morainic  belts,  formed  by  the  Saginaw  lobe  during 
its  recession.  It  has  also  conspicuous  morainic  hills  in  its  north- 
western comer  and  on  the  eastern  border  of  the  county.  There  is  one 
extensive  gravel  plain  in  the  county,  traversed  by  Pigeon  River.  It 
lies  on  the  southwest  border  of  a  prominent  Saginaw  moraine,  which 
occupies  northeastern  Lagrange  County  and  passes  northwestward 
into  Michigan.  This  plain  has  a  breadth  of  2  to  6  miles  and  traverses 
nearly  the  entire  width  of  the  county,  a  distance  of  over  20  miles. 
Aside  from  this  main  gravel  plain  there  are  small  areas  underlain  by 
gravel,  one  of  which,  known  as  the  Haw  patch,  covers  several  square 
miles  on  the  southern  boundary  of  the  county;  another  borders  the 
Little  Elkhart  River  in  the  western  part  of  the  county. 

So  far  as  known  to  the  writer,  the  bottom  of  the  drift  has  been  reached 
by  only  one  boring  in  this  county,  though  it  has  been  penetrated  to  a 
depth  of  200  feet  in  several  wells,  and  there  are  numerous  wells  100 
feet  or  more  in  depth.  It  is  thought  by  Dr.  C.  R.  Dryer  ^  that  a  farm 
well  in  southwestern  Lagrange  County  may  enter  black  shale  at  150 
feet. 

Individiud  weUs, — On  the  strong  morainic  belt  in  the  northwest 
part  of  the  county  the  sharpest  knolls  are  usually  made  up  of  gravel 
and  sand,  but  those  of  gentler  contour  often  contain  till.  The  wells 
vary  greatly  in  depth,  some  being  but  15  or  20  feet,  while  others  are 
50  to  75  or  more.  On  the  overwash  gravel  plain  south  of  this  moraine 
wells  are  obtained  in  gravel  at  about  20  feet. 

In  a  feeble  moraine  on  the  north  side  of  Little  Elkhart  River,  in  the 
western  part  of  the  county,  the  wells  are  usually  about  30  feet  in 
depth;  after  penetrating  10  to  20  feet  of  till  they  enter  sand.  South 
of  Little  Elkhart  River  the  wells  are  mainly  through  till.  The  aver- 
age depth  is  30  or  40  feet,  but  occasional  wells  reach  60  feet. 

In  the  gravel  plain  along  Little  Elkhart  River  the  wells  are  usually 
but  12  to  20  feet  in  depth,  entirely  through  gravel  and  sand. 

At  Lagrange  wells  are  obtained  at  about  100  feet  at  the  city  water- 
works, but  private  wells  seldom  exceed  40  feet.    The  detailed  record 

'  See  BIghteenth  Aon.  Rept.  Indiana  Oeol.  Bnrvey^  V-  %^* 
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of  four  of  the  waterworks  wells,  published  by  Dr.  Dryer,^  show  alter- 
nations of  sand  and  gravel  with  till,  in  which  the  thickest  beds  are 
but  20  to  25  feet.  In  well  No.  1,  92  feet  in  depth,  the  Kravel  beds 
amount  to  32  feet,  the  thickest  bed  being  12  feet  in  the  upper  part  of 
the  section.  In  well  No.  2,  102  feet  in  depth,  the  gravel  and  sand 
amount  to  47  feet,  of  which  17  feet  occur  at  the  bottom  of  the  well. 
In  well  No.  3,  98  feet  in  depth,  the  sand  and  gravel  amount  to  34 
feet.  In  well  No.  4,  111  feet  in  depth,  the  sand  and  gravel  amoant 
to  33  feet.  These  wells  are  within  the  area  of  an  ordinary  town  lot, 
and  yet  Dr.  Dryer  reports  that  the  majority  of  strata  can  not  be  cor- 
related in  any  two  of  them.  In  well  No.  1  there  are  6  beds  of  gravel; 
in  wells  Nos.  2-4,  but  5  beds  of  sand  and  gravel. 
A  well  near  the  jail  at  Lagrange  penetrates 


Ftot 

1.  Yellowtill 8 

2.  Dry  sand 30 

8.  Gravel  with  water 8 

Total 40 

A  prospect  boring  for  artesian  water  at  the  jail  penetrated — ' 

Ftot 

1.  YeUowtill 15 

2.  Blue  till,  with  thin  beds  of  sand 50 

8.  A  brown  mold  or  soil 4 

4.  Cemented  gravel 5 

6.  Loose  gravel  with  water 8 

6.  Blue  till 45 

7.  Cemented  gravel 8 

8.  Dry  sand  and  gravel 70 

Total 205 

The  boring  was  abandoned  without  obtaining  a  flow  or  reaching 
rock  strata. 

A  well  on  a  sharp  morainic  ridge  about  4  miles  east  of  Lagrange, 
202  feet  in  depth,  failed  to  find  water.  Another  well  on  the  same  farm 
obtained  water  at  175  feet.  Both  wells  were  mainly  through  till.  A 
neighboring  well,  only  62  feet  in  depth,  obtained  water  in  gravel 
below  till  at  about  60  feet. 

A  well  for  Dr.  Drake,  one-half  mile  north  of  Valentine,  has  the 
following  section : 

Feet 

1.  Sandy  yellow  till 10 

2.  Blue  till 41 

8.  Gravel  with  inflammable  gas 3 

4.  Bine  clay.. 46 

5.  Black  muck  with  leaves  and  inflammable  gas 6 

6.  Soft  blue  clay...  24 

7.  Water-bearing  sand,  coarse  at  bottom 10 

Total 140 

'  Eighteenth  Ann.  Rept.  Indiana  0«o\.  Purvey ^  PP>  80-6L 
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fL  well  in  the  Bonfheast  part  of  the  county,  one-half  mile  east  of 
nth  Milf  Old,  i>enetrateB — 

Sandy  yoUow  tUl 90 

BlnetOl 49 

Very  fine  aand 20 

Total 89 

A  similar  fine  sand  was  found  in  the  well  at  Joseph  Ryer's,  4  miles 
rth  of  WolcottviUe,  at  30  to  108  feet  from  the  surface. 
A  well  in  the  west  part  of  Milf  ord  Township,  3  miles  north  of  county 
le,  97  feet  in  depth,  is  largely  through  sand,  gravel,  and  cobble. 
In  the  vicinity  of  Pretty  Lake  and  Long  Lake,  in  Milford  Township, 
the  southeast  part  of  the  county,  there  are  gravel  plains  on  which 
)lls  obtained  water  at  30  or  40  feet  without  reaching  the  bottom  of 
e  gravel.    On  bordering  districts  wells  usually  penetrate  25  to  40 
Dt  of  till  before  reaching  a  water-bearing  gravel. 
Dr.  Dryer  reports  the  occurrence  of  coal  in  the  drift  beds  in  the 
uthwest  part  of  the  county  at  depths  of  76  feet  in  two  neighboring 
)lls  under  which  beds  of  water-bearing  gravel  occur.    A  boring  on 
neighboring  farm  is  thought  to  strike  shale  at  150  feet. 

STEUBEN   COUNTY. 

General  staiement, — Steuben  County  is  situated  in  the  extreme 
»rtheast  comer  of  the  State,  having  Michigan  on  its  northern  and 
lio  on  its  eastern  boundary.  On  its  western  border  is  Lagrange 
id  on  its  southern  border  Dekalb  County.  Its  area  is  alK>ut  330 
uare  miles.  The  entire  county,  except  a  valley  in  its  southeast 
mer,  stands  above  the  900-foot  contour,  and  a  portion  of  it  rises 
ove  1,100  feet,  with  occasional  points  1,150  feet  or  more.  It  is 
kimated  that  at  least  one-half  of  the  county  stands  above  the  1,000- 
ot  contour.  The  great  elevation  of  this  county  is  not  due  to  an 
3vated  rock  surface,  but  to  the  heavy  accumulations  of  drift.  Its 
)stem  half  is  occupied  by  the  great  interlobate  moraine  formed 
tween  the  Erie  lobe  and  the  Saginaw  lobe. 

The  topography  of  the  western  half  of  the  county  is  of  the  knob- 
id-basin  type,  and  several  lakes  are  inclosed  among  the  morainic 
lolls  and  ridges.  These  lakes  have  the  advantage  of  beautiful 
enery,  pure  water,  and  an  excellent  stock  of  fish.  They  are  justly 
e  pride  of  the  inhabitants  of  the  county.  The  largest  lake,  James 
^e,  has  a  length  of  5  miles  and  an  average  width  of  half  a  mile, 
is  situated  near  the  north  line  of  the  county  and  surrounded  by 
arp  morainic  knolls,  which  rise  in  places  to  a  height  of  more  than 
0  feet  above  its  surface.  About  this  lake  is  a  group  of  smaller 
les,  -among  which  Jimerson,  Crooked,  Loon,  Center,  and  Gage  lakes 
e  worthy  of  mention.  These  lakes  are  all  tributary  to  Fawn  River 
id  discharge  northwestward.    South  of  them  is  a  ebsAiL  ol  \d?&!^^ 
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which  are  traversed  by  Pigeon  River.  Pleasant  Lake,  the  most  con- 
spicuous of  these  lakes,  is  about  1  mile  in  length  and  one-foorih 
mile  in  average  width.  Below  this  lake  the  stream  passes  through 
Grolden  Lake  and  Hogback  Lake,  the  latter  receiving  its  name  from 
a  precipitous  ridge  of  bowlders  and  gravel  which  stands  on  its  shore. 
In  the  extreme  southwestern  part  of  the  county  is  another  chain  of 
lakes  drained  by  Turkey  Ci-eek,  a  south  tributary  of  Pigeon  River. 
The  largest  of  these.  Big  Turkey,  has  a  length  of  about  2^  miles  and 
a  maximum  width  of  one-half  mile. 

A  moraine  of  the  Lake  Erie  lobe  traverses  the  eastern  part  of  the 
county  in  a  north  to  south  direction.  This  has  gentler  contours  than 
the  interlobate  moraine,  but  incloses  several  lakelets  among  its 
knolls  and  ridges.  The  most  conspicuous  are  Clear  Lake,  in  the 
northeast  corner  of  the  county,  having  an  area  of  about  2  square 
miles,  and  Fish  Lake,  in  the  southeast  comer,  having  an  area  of  a 
little  more  than  1  square  mile.  These  lakes  are  tributary  to  tha 
St.  Joseph-of-the-Maumee  River.  A  detailed  discussion  of  the  sev- 
eral lakes  just  mentioned,  with  observations  on  the  size,  depth,  and 
character  of  their  bottoms,  is  presented  by  Dr.  Dryer  in  his  report 
on  Steuben  County.  ^  To  this  report  the  writer  is  indebted  for  the  data 
concerning  the  dimensions  of  the  lakes.  It  is  suggested  by  Dr.  Dryer 
that  the  city  of  Fort  Wayne  could  find  no  better  source  of  water 
supply  than  these  lakes  in  the  southern  part  of  Steuben  County. 

The  only  level  land  in  the  county  of  notable  extent  is  found  in  a 
narrow  plain  lying  between  the  interlobate  moraine  and  the  £rie 
moraine  just  mentioned.  It  has  a  breadth  of  2  to  5  miles  and  extends 
the  entire  length  of  the  county. 

The  valleys  of  Fawn  River,  PMgeon  River,  Turkey  Creek,  and  Fish 
Creek  traverse  gravelly  districts,  in  which  wells  may  be  obtained  at 
comparatively  slight  depth.  The  interlobate  moraine  varies  greatly 
in  the  constitution  of  its  drift  and  in  the  depth  at  which  water  may  be 
obtained.  Wells  are  not,  however,  as  a  rule,  diflScult  to  obtain,  their 
average  depth  being  not  more  than  30  or  40  feet.  On  the  Erie  moraine, 
in  the  eastern  part  of  the  county,  and  also  on  the  plain  west  of  it,  the 
drift  is  largely  a  compact  till,  and  the  wells  are  not  infrequently  put 
down  to  a  depth  of  100  feet  or  more. 

So  far  as  known  no  wells  in  the  countj'^  have  reached  rock,  but  the 
greatest  ascertained  depths  are  not  more  than  160  to  175  feet. 

Individual  tvells. — Wells  in  the  vicinity  of  Angola  present  much 
variety  in  material  penetrated.  Immediately  north  of  the  city  is  a 
small  district  where  they  obtain  water  at  depths  of  20  or  30  feet.  Some 
wells  in  the  city  also  obtain  water  at  slight  depth  after  penetrating  a 
few  feet  of  till.    Several  wells  are  put  down  to  depths  of  80  to  100  feet 

>  Seventeenth  Ann.  Bept  Indiana  GeoL  Survey,  1S91,  pp.  120-134. 
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or  more.    A  well  at  the  Tri-State  Normal  College  has  the  following 
seotioii: 

Feet. 

1.  Yellow  tin dO 

2.  Blue  till 8 

a.  Reddish  gravelly  clay,  with  thin  beds  of  sand 76 

4.  Qravel  with  water 6 

Total 104 

A  Well  on  the  moraine  west  of  Angola,  near  Fox  Lake,  130  feet  deep, 
was  mainly  in  till.  A  well  3  miles  north  of  Angola,  of  the  same  depth, 
was  mainly  in  sand  and  gravel.  On  a  gravel  plain  on  sonth  side  of 
Turkey  Lake  two  wells  have  a  depth  of  114  feet,  largely  through  till 
after  i>enetrating  a  few  feet  of  surface  gravel.  A  well  on  an  elevated 
part  of  the  moraine  west  of  Turkey  Lake  in  section  33,  Salem  Town- 
ship, 90  feet  in  depth,  was  mainly  in  till.  A  well  2  miles  southeast  of 
Salem  Center,  160  feet  in  depth,  penetrates  yellow  or  gray  till  4(Xfeet, 
below  which  it  was  mainly  in  blue  till. 

Near  Hudson  wells  80  feet  in  depth  x)enetrate  about  30  feet  of  sand 
and  gravel  and  then  enter  blue  till.  A  well  3  miles  west  of  Hudson, 
100  feet  in  depth,  was  mainly  till. 

Wells  near  Metz,  in  the  eastern  part  of  the  county,  are  frequently 
100  feet  in  depth,  mainly  till.  One  well  2  miles  southwest  of  Metz, 
103  feet  in  depth,  is  in  till  to  within  2  to  3  feet  of  bottom. 

Wells  in  the  vicinity  of  Fish  Lake,  in  the  southeastern  part  of  the 
county,  obtain  water  in  gravel  at  15  to  25  feet.  But  within  2  miles 
back  from  the  lake  are  frequently  through  till  to  a  depth  of  100  feet 
and  occasionally  150  feet. 

DEKALB  COUNTY. 

Oeneral  statement. — Dekalb  County  is  situated  on  the  eastern  bound- 
ary of  the  State,  immediately  south  of  Steuben.  It  has  an  area  of  370 
square  miles.  Its  northwestern  corner  is  occupied  by  the  interlobate 
moraine  of  the  Erie  and  Saginaw  lobes.  The  higher  part  of  the 
moraine  rises  above  the  1,000- foot  contour,  but  its  eastern  border 
stands  only  about  900  feet.  The  greater  part  of  the  county  is  occu- 
pied by  a  till  plain,  standing  about  850  to  900  feet  above  tide.  In  the 
southeastern  part,  on  the  bordera  of  the  St.  Josepli-of-the-Maumee, 
are  two  moraines  of  the  Erie  lobe,  but  they  rise  scarcely  25  feet  above 
the  border  plains. 

Over  the  greater  part  of  the  county  there  is  a  sheet  of  till  extending 
to  an  average  depth  of  about  50  feet  from  the  surface,  in  which  water 
is  eeldom  obtained  in  large  amount.  Below  this  sheet  of  till  the  drift 
api)ear8  to  be  very  largely  sand  and  gravel  and  yields  an  unlimited 
amount  of  water.  There  are  narrow  belts  or  small  areas,  usually 
bordering  the  valleys,  in  which  water  may  be  obtained  in  gravel  or 
sAud  at  comparatively  slight  depth. 
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The  thickness  of  the  drift  in  this  eonnty  has  been  determined  at 
fonr villages,  as  follows:  Butler,  378  feet;  Waterloo,  365  feet;  Anbnrn, 
280  feet;  Garrett,  318  feet.  A  boring  in  the  extreme  southeastern 
part  of  the  county,  near  Spencerville,  was  carried  to  a  depth  of  198 
feet  without  reaching  rock.  A  boring  at  Kendallville,  just  west  of 
this  county,  penetrated  485  feet  of  drift.  These  borings,  together 
with  the  four  which  strike  rock  within  the  county,  have  sufficiently 
wide  distribution  to  justify  the  interpretation  that  the  drift  of  the 
county  probably  averages  over  300  feet  in  thickness,  and  may  possibly 
average  400  feet.  The  four  borings  which  enter  the  rock  are  on  a  till 
plain  which  stands  more  than  100  feet  below  the  elevated  northwests 
portion  of  the  county.  The  rock  floor  in  but  one  instance  (at  Aubnrn) 
stands  above  the  level  of  Lake  Erie. 

Individual  weUs, — ^The  gas  boring  at  Butler  is  reported  by  Dr.  Dryer 
to  have  the  following  section :  - 

1.  Hardpan  (till) 15 

2.  Gravel  and  coarse  sand 275 

8.  Bed  quicksand 40 

4.  Compact  clay 45 

5.  Cobblestones  and  bowlders 8 

«.  Black  shale ^ 108 

7.  Liimestone 1,064 

8.  Shale 5O0 

9.  Trenton  limestone  penetrated 89 

Total 2,139 

Water  in  large  amount  is  found  in  the  glacial  drift.  Salt  water  was 
struck  in  the  Trenton. 

The  water  wells  in  the  vicinity  of  Butler  usually  obtain  their  supply 
from  depths  of  20  to  35  feet,  though  they  are  occasionally  put  down 
to  a  depth  of  150  feet.  In  the  northern  part  of  the  county,  6  or  8  miles 
northwest  from  Butler,  wells  are  through  till  to  a  depth  of  60  or  80  feel 
before  striking  water-bearing  gravel  or  sand.  The  record  of  a  well  3 
miles  south  of  Hudson  was  also  obtained,  which  penetrated  75  to  80 
feet  of  till. 

At  Waterloo  the  drift  at  the  gas  well  is  as  follows: 

Feet 

1.  Till 40 

2.  Sand  and  gravel  with  water  . 270 

8.  Bine  clay  .withont  pebbles 45 

4.  Gravel  and  cobble 10 

Total 865 

At  Auburn  two  gas  wells  each  penetrate  about  280  feet  of  drift, 
which  is  largely  till  in  its  upper  half  and  largely  sand  and  gravel  in 
lower  half. 

There  are  occasional  shallow  flowing  wells  in  the  vicinity  of  Auburn 
on  low  ground  on  the  border  of  Cedar  Creek,  water  being  obtained 
from  the  gravel  below  the  till.  The  head  i^  ^^\^om  moT^  \Xv5m\  2  to  5 
feet  below  the  surface  in  that  locality. 
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The  gas  boring  at  Garrett  i>enetrate8  about  50  feet  of  till,  beneath 
hich  is  200  feet  or  more  of  sand,  ivith  a  thin  bed  of  gravel  at  the 
>ttom  of  the  drift.  This  sand  and  gravel  afford  a  large  amount  of 
ater.  In  Garrett  water  is  often  obtained  at  40  feet,  but  the  wells 
re  in  some  cases  76  to  100  feet.  North  and  west  from  Garrett  there 
re  extensive  marshes  with  sandy  borders,  where  wells  are  obtained 
t  slight  depth  without  entering  the  till. 

Along  Cedar  Creek  Valley,  in  the  southern  part  of  Dekalb  County, 
rater  is  usually  obtained  at  30  or  40  feet.  The  wells  penetrate  more 
;ravel  than  till,  though  both  are  present. 

A  well  in  the  southeastern  part  of  the  county,  near  the  village  of 
it.  Joseph,  and  but  a  few  rods  from  the  bank  of  the  river,  110  feet  in 
lepth,  is  mainly  through  sand  and  gravel. 

A  well  on  the  farm  of  Christian  Hirsh,  east  of  St.  Joseph  River,  near 
Speneerville,  has  the  following  section: 

L  Yellow  tiU 10 

8.BIiietiU 00 

IFinesand ISO 

L  Gravel 9 

Total 19S 

In  that  neighborhood  there  are  x>erhaps  a  dozen  other  wells  60  to 
iOO  feet  in  depth,  mainly  through  till. 

« 

NOBLE  COUNTY. 

General  statement. — Noble  County  is  situated  immediately  east  of 
)6kalb  and  has  an  area  of  420  square  miles.  The  entire  county 
las  a  morainic  topography,  the  greater  part  of  it  being  the  inter- 
}bate  moraine  of  the  Erie  and  Saginaw  lobes.  In  the  northwestern 
art  of  the  county  the  Saginaw  moraines  branch  off  from  the  inter- 
>bate  belt,  while  in  the  southeastern  part  an  Erie  moraine  is  parallel 
)  and  closely  associated  with  the  interlobate  belt. 
The  portion  of  the  county  occupied  by  the  interlobate  moraine 
Lcludes  many  lakes,  some  of  which  have  an  area  of  1  to  2  miles  or 
ore  each.  The  most  important  ones  are  Crooked,  Tippecanoe,  and 
oon  lakes,  in  the  southern  part  of  the  country,  which  constitute  the 
3ad  waters  of  Tippecanoe  River.  There  are  several  in  the  northern 
irt  of  the  county  and  in  the  adjacent  portion  of  Lagrange  County, 
>n8tituting  the  head  waters  of  Elkhart  River.  A  few  in  the  west- 
•n  part  of  the  county  are  also  tributary  to  Elkhart  River.  These 
kes  are  usually  bordered  by  extensive  marshes,  though  in  a  few 
ksos  morainic  knolls  and  ridges  rise  from  their  immediate  borders, 
hose  in  the  southern  part  of  the  county  tributary  to  Tippecanoe  * 
iver  have  less  marshy  borders  than  the  lakes  tributary  to  the  Elkhart, 
id  the  morainic  hiUs  in  that  portion  of  the  county  also  rise  more 
rominently  above  the  lake  basins  than  in  the  noTth^tii  ox:  ^^jeXi^ra 
trtion  of  the  county.     While  the  beauty  of  scenery  ^oo^  xlq\i  ^3^a^ 


32  WELLS  OF  NOKTHSRH  INDIANA.  !»& 

that  around  the  lakes  of  Steaben  Coanty,  the  qoalily  of  the  water  is 
excellent  and  the  lakes  are  well  stocked  with  fish. 

Except  in  the  southeastern  portion  of  the  county  wells  are  usually 
obtained  at  moderate  depths,  seldom  exceeding  50  feet.  The  inte^ 
lobate  moraine  and  the  Saginaw  moraines  connected  with  it  contain 
usually  a  large  amount  of  sand  and  gravel  with  the  tilL  The  Erie 
moraine,  on  the  southeast  border  of  the  county,  has  much  less  sand 
and  gravel  associated  with  it,  and  in  consequence  many  wells  need 
to  be  sunk  to  a  depth  of  100  feet  or  more. 

The  thickness  of  the  drift  is  known  at  three  points,  Ligonier,  Ken- 
dallville,  and  Albion.  At  Eendallville  it  is  485  feet  and  at  Albion 
375  feet,  but  at  Ligonier  it  is  only  169  feet.  It  seems  probable  that^ 
the  average  thickness  of  the  drift  for  the  county  may  equal  that  a4; 
Albion. 

Individiud  weUs, — ^The  following  detailed  record  of  the  drift  pene- 
trated at  Albion  was  kept  by  Prof.  W.  B.  Van  Grorder,  of  thatdtyr 


1.  Yellow  clay 10 

2.  Blue  clay 10 

3.  Sand  and  gravel 115 

4.  Blneclay 90 

5.  Sand  and  gravel,  with  streaks  of  blue  clay 83 

6.  Sand  and  gravel 81 

7.  Bine  clay,  with  thin  beds  of  sand 5S 

8.  Gravel 6 

9.  Bed  bowlder  clay 15 

10.  Sand 5 

11.  Slate (t) 1 

12.  Sand « 

Total »I5 

The  water  wells  at  Albion  are  usually  obtained  at  60  to  100  feet  in 
the  sand  and  gravel  l>eIow  the  upper  sheet  of  till.  They  penetrate 
from  15  to  30  feet  of  till  at  the  surface.  The  underlying  sand  is  either 
too  fine  or  contains  too  little  water  in  its  upi)er  portion  to  supply  the 
wells. 

The  drift  at  the  Kendallville  gas-well  boring  (485  feet),  specimens 
of  which  were  preserved  in  a  glass  tube,  appears  to  be  mainly  sand 
and  gravel  below  a  depth  of  20  feet.  A  record  of  a  water  well  in  this 
village  near  the  gas  well  was  furnished  by  the  driller,  J.  Hart,  and  is 
as  follows : 

1.  Yellow  till 10 

2.  Dry  sand 15 

8.  Sand,  with  some  gravel,  but  little  water 50 

4,  Soft  blue  tiU 29 

5,  Gravel,  with  large  amount  of  water 4 

Total 108 
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A  stiill  deeper  well  at  Dr.  Mayer's  residence  in  Eendallyille  is 
reported  by  the  driller,  Mr.  Diebolt,  to  have  the  following  section : 


1.  SorfMe  day 5 

IDrygrayel 80 

8,  Wftter  gravel 10 

iSoftWueday «5 

S.  Water  gravel . .  . 80 

«.  Hard  blue  till 70 

7.  Soft  blue  tm 85 

a.  Water  gravel 10 

Total 185 

A  well  at  Mr.  Henry  Mayer's  in  the  east  part  of  Eendallville,  60 
feet  in  depth,  penetrates — 

tYeUowtm 88 

SL  Bine  quicksand 86 

t  Fermginons  crust 1 

i  Water  gravel 5 

Total 00 

From  these  sections  it  appears  that  the  drift  may  have  considerable 
variability  within  the  limits  of  the  village. 

A  well  abont  3  miles  east  of  KendaHviUe,  in  section  1,  Allen  Town- 
ship, i>enetrates — 

1.  Yellow  till U 

S.  Blue-gray  till,  with  thin  beds  of  sand  or  gravel 102 

Total 806 

This  well  is  in  the  Erie  drift  above  referred  to. 

A  well  4  miles  northeast  of  Kendallville  is  reported  to  x>enetrate  120 
feet  of  till,  and  one  in  the  extreme  northeast  corner  of  the  county 
75  feet,  before  obtaining  water. 

It  is  reported  by  Mr.  Diebolt  that  the  blue  till  of  the  Erie  drift  found 
south  from  Kendallville  is  much  harder  to  penetrate  than  the  blue  till 
of  the  Saginaw  drift  found  north  and  west  of  that  village.  A  well  1 
mile  south  from  Kendallville  penetrates — 

Foot 

1.  Yellowtill - 20 

2.  Hardbluetill 40 

8.  Cemented  gravel 15 

4.  Water  gravel 10 


Total 85 

A  well  in  section  17,  Allen  Township,  on  a  prominent  drift  knoll,  is 
177  feet  deep,  mainly  in  till. 

Wells  in  the  vicinity  of  Avilla,  and  for  5  or  0  miles  west  from  that 
village,  are  frequently  put  down  to  a  depth  of  90  or  100  feet,  mainl}^ 
through  till.    Several  wells  in  the  southeastern  part  ot  \,\ift  ^iovoiXi^^ 
ISB21 3 
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in  Swan  and  Greene  townships,  are  reported  to  be  mainly  through  till 
to  a  depth  of  75  to  160  feet.  Dug  wells,  however,  are  often  obtained 
in  that  region  at  a  depth  of  20  to  40  feet  from  thin  beds  of  sand  or 
gravel  included  in  the  till. 

In  the  district  southeast  and  south  from  Albion  records  of  several 
deep  wells  were  obtained.  One  near  Noblesville,  161  feet  in  depth, 
was  entirely'  in  till.  Another  in  section  11,  Greene  Township,  was 
in  till  to  a  depth  of  100  feet  before  striking  water-bearing  gravel.  A 
well  in  section  35,  Jefferson  Township,  enters  gravel  below  till  at  63 
feet.  One  in  section  26,  Jefferson  Township,  penetrates  till,  with  thin 
beds  of  sand  or  gravel,  to  a  depth  of  102  feet.  One  in  section  16,  Jef- 
ferson Township,  enters  water-bearing  gravel  at  70  feet. 

Northeast  from  Albion,  in  the  vicinity  of  Rome  City,  one  well,  117 
feet  in  depth,  penetrates — 

Feet 

1.  Sand 53 

2.  Soft,  adhesive  blue  clay 40 

A  Sand  and  gravel 24 

Total 117 

Another,  122  feet  in  depth,  penetrates — 

1.  Yellow  till 30 

2.  Soft  blue  till 45 

8.  Quicksand 8 

4.  Soft  blue  till 44 

6.  Gravel  with  water. 5 

Total 132 

A  well  in  section  23,  Wayne  Township,  147  feet  in  depth,  penetrates 
till,  with  thill  l)ed8  of  sand  and  gravel,  its  entire  depth.  Another 
well  in  the  northern  part  of  the  same  section  has  a  depth  of  164  feet 
in  similar  material.  A  well  in  section  27,  117  feet  in  depth,  also  has 
a  similar  section. 

In  the  vicinity  of  Biimfield  the  surface  is  sandy  to  a  depth  of  a  few 
feet,  but  wells  penetrate  a  large  amount  of  till.  One  well,  a  mile  east 
of  Brimfiekl,  GO  feet  iu  depth,  is  mainly  in  blue  till. 

A  well  near  Skinner  Lake,  3  miles  east  of  Albion,  i>enetrat-e8 — 

Feet 

1.  Yellowtill 12 

2.  Soft  blue  till 52 

3.  Sand,  with  water ..      4 

Total .    :.. 68 

In  the  northwest  part  of  Noble  County,  near  Hawville,  wells  show  a 
variable  structure,  some  being  entirely  in  sand  and  gravel  to  a  depth 
of  30  or  40  feet,  while  others  are  in  till  to  even  gi'eater  depths  before 
striking  a  water-bearing  gravel. 

Wells  in  the  southwestern  part  of  the  county  usually  have  40  to  75 
feet,  more  generally  75  feet,  of  tiW  at  nwrfac^  before  entering  beds 
/iffording  a  strong  supply  of  water. 
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^Vom  Albion  west  and  northwest  the  drift  appears  to  be  largely  of 
n^velly  constitntion  and  wells  are  obtained  without  x>enetrating  to 
eat  depth.  At  Ligonier  the  depth  is  about  35  feet.  The  wells  at 
at  village  usually  penetrate  10  to  20  feet  of  till  before  entering  the 
iter-bearing  gravel.  This  gravel  is  shown  by  the  gas- well  boring  to 
)  125  feet  in  depth.  There  was  a  large  supply  of  fresh  water  at 
)out  200  feet  in  the  gas  boring,  30  feet  below  the  rock  surface. 

KOSCIUSKO   COUNTY. 

Oeneral  staiemerd. — Kosciusko  County  is  situated  in  the  middle  por- 
on  of  the  second  tier  of  counties  from  the  north  boundary  of  the 
tate,  being  immediately  south  of  Elkhart  County  and  west  of  Noble 
ounty.  It  has  an  area  of  556  square  miles,  being  exceeded  in  area 
y  only  two  other  counties  in  the  State. 

The  eastern  and  southern  portions  of  the  county  are  situated  on  the 
U«rlobate  moraine  of  the  Saginaw  and  Erie  lobe,  except  the  extreme 
)utheastem  x)ortion,  which  is  occupied  by  a  moraine  of  the  Erie  lobe 
he  Mississinewa).  The  northwestern  portion  of  the  county,  oom- 
rising  alK)ut  one-fourth  its  area,  is  occupied  largely  by  gravel  plains 
]d  by  marshes.  It  is  much  lower  than  the  moraine,  and  yet  the 
vide  between  the  Wabash  and  the  Lake  Michigan  drainage  syistems 
isses  through  it.  The  general  elevation  of  the  plain  is  about  800  feet 
ove  tide.  The  moraine  stands  900  feet  or  more  in  its  higher  portion. 
Along  the  interlobate  moraine  in  the  eastern  portion  of  the  county 
3re  are  numerous  lakes,  one  of  which,  Turkey  Lake,  has  the  dis- 
ction  of  being  the  largest  lake  in  Indiana.  The  area  is  probably 
out  8  square  miles,  its  length  being  fully  6  miles  and  its  width  a 
le  or  more.  There  are  probably  a  half  dozen  other  lakes  having 
^as  of  1  to  2  square  miles  each,  among  which  may  be  mentioned 
awasee,  Tippecanoe,  Boydstown,  Barbers,  Big  Eagle,  Little  Eagle, 
d  Pike  lakes.  These  lakes  are  bordered  on  one  or  more  sides  by 
>rainic  knolls  aifd  ridges,  but  have  usually  extensive  marshes  on  other 
les.  Turkey  Lake  lies  on  the  inner  border  of  a  Saginaw  moraine 
fit  leaves  the  interlobate  moraine  near  the  border  of  Noble  and  Eos- 
isko  counties  and  passes  northwestward  into  Elkhart  County, 
awasee,  Tippecanoe,  and  I^oydstown  lakes  are  situated  on  the  outer 
rder  of  the  same  moraine.  These  lakes  have  a  pure  supply  of  water 
d  are  said  to  be  well  stocked  with  fish.  A  biological  survey  of 
irkey  Lake  is  in  progress  under  the  auspices  of  the  State  University, 
few  small  lakes  occur  along  the  interlobate  moraine  in  the  southern 
.rt  of  the  county,  among  which  may  be  mentioned  Yellow  Creek, 
Miver  Dam,  Silver,  and  Rock  lakes.  None  of  these  have  an  area  of 
Hiuare  mile.  They  lie  in  the  midst  of  morainic  knolls  and  ridges, 
ith  but  little  marshy  land  on  their  borders. 

This  county  is  as  well  favored,  perhaps,  as  any  in  the  State  in  abun- 
knt  supplies  of  water  for  wells  at  shallow  deptYi.    Ou  \Sckft  -^wolyr. 
0  northwestern  portion  the  wells  rarely  exceed  40  lee\»  wA  %JKft 
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usually  but  10  to  20  feet  in  depth.  Along  the  moraine,  even  in  its 
most  elevated  portion,  it  is  rare  to  find  wells  that  exceed  40  feet  in 
depth.  The  drift  appears  to  consist  more  largely  of  sand  and  gravel 
than  of  till,  unless  it  be  in  the  extreme  southeastern  portion  of  the 
county  occupied  by  the  Erie  moraine. 

The  thickness  of  the  drift  is  known  only  in  the  vicinity  of  Warsaw, 
the  county  seat,  where  gas-well  borings  show  it  to  be  in  one  case  247 
and  in  another  255  feet.  A  well  3  miles  west  of  Warsaw  penetrates 
243  feet  of  drift. 

Individual  wells, — At  Milford,  on  a  gravel  plain  in  the  northern 
part  of  the  county,  the  wells  have  a  depth  of  about  20  feet,  entirely 
through  gravel  and  sand.  In  the  vicinity  of  North  Galveston,  also  on 
the  gravel  plain,  wells  enter  till  below  the  gravel  at  about  25  feet.  In 
the  vicinity  of  Oswego,  also,  the  bottom  of  the  sand  and  gravel  is 
reached  at  25  feet  or  less.  Wat^r  is  usually  obtained  at  both  these 
villages  and  in  the  intervening  country  near  the  base  of  the  gravel 
West  from  North  Galveston  the  plain  has  a  till  deposit  at  the  surface, 
being  outside  the  limits  of  the  gravel  overwash.  But  wells  usually 
find  the  water-bearing  sand  and  gravel  at  15  or  20  feet. 

On  Bone  Prairie  the  wells  are  in  some  cases  put  down  to  a  depth  of 
60  feet,  largely  through  till,  there  being  only  a  slight  coating  of  sur- 
face gravel. 

At  Atwood  wells  range  in  depth  from  8  feet  to  40  feet,  but  usually 
obtain  water  below  yellow  till  at  about  20  feet. 

At  Etna  Green  wells  penetrate  20  or  30  feet  of  till  before  entering 
water-bearing  gravel. 

In  the  eastern  part  of  the  county  the  wells  along  the  Tippecanoe 
River  and  southward  for  a  mile  or  two  are  only  10  or  12  feet  in  depth, 
largely  in  sand.  North  from  the  river  they  penetrate  till  to  a  depth 
of  30  to  50  feet. 

On  the  border  of  Turkey  Lake  a  well  40  feet  deep  is  reported  to  have 
penetrated :  * 

Feet 

1.  Gravel .- 13 

2.  Till 38 

3.  Wat^r-bearing  gravel  at  bottom. 

In  the  vicinity  of  Piereetoii  wells  occasionally  penetrate  GO  feet  or 
more  of  till.  A  tubular  well  1  mile  northeast  of  Pierceton  penetrates 
till  about  100  feet. 

At  Kosciusko  there  is  a  surface  gravel  several  feet  in  depth,  but 
wells  usually  pass  through  it  and  an  underlying  till  into  a  deeper 
gravel  at  about  25  feet. 

For  2  to  4  miles  east  from  Warsaw  the  wells  are  largely  through  till 
and  have  a  depth  oL'  is  to  40  feet. 

In  the  east  part  of  Warsaw  a  flowing  well  has  been  obtained  on  low 

ground  between  Pike  and  Center  lakes  at  a  depth  of  102  feet.    Its 

Iiead  Is  about  4  feet  above  the  surface.     A\.  o\\^  ol\.\v^  ^«^-^^ll borings 
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in  Warsaw  there  is  also  a  flow  of  water  discharging  rapidly  from  a 
7-ineh  pipe  at  a  height  of  2  feet  above  the  surface.  As  it  contains 
much  solphureted  hydrogen,  it  is  probable  that  a  portion  of  the  water 
is  from  the  rock  strata.  The  overflow  is  probably  caused  from  acces- 
sion of  water  from  the  drift.  In  both  the  gas-well  borings  at  Warsaw 
the  drift  is  largely  sand,  filled  with  water. 

In  the  western  portion  of  the  county,  south  from  the  Tippecanoe 
River,  in  the  vicinity  of  Clay  pool,  Burkett,  and  Mentone,  wells 
usually  penetrate  25  to  40  feet  or  more  of  till  and  occasionally  60 feet. 

MARSHALL  COUNTY. 

General  staiement, — Marshall  County  is  situated  west  of  Kosciusko 
County,  in  the  middle  portion  of  the  second  tier  of  counties  from  the 
north  boundary  of  the  State.     It  has  an  area  of  440  square  miles. 

The  prominent  Maxinkuckee  moraine  leads  through  the  western 
range  of  townships  from  south  to  north.  It  also  swings  southeastward 
near  the  southern  boundary  of  the  county  and  has  its  inner  border 
'Within  the  limits  of  Marshall  County  as  far  east  as  the  Tipx)ecanoe 
River.  This  moraine  constitutes  the  principal  topographic  feature 
of  the  county,  the  remainder  of  the  county  being  a  gently  undulating 
plain,  with  occasional  slight  ridging  of  the  drift. 

Lake  Maxinkuckee,  from  which  the  moraine  takes  its  name,  is 
situated  in  the  southwestern  township  of  the  county  and  is  sur- 
rounded by  a  series  of  morainic  knolls  and  ridges,  which  add  to  the 
aittractiveness  of  its  scenery.     The  lake  occupies  perhaps  2  square 
miles,  and  its  maximum  depth  is  76  feet.     A  large  number  of  springs 
occur  on  its  borders,  and  its  water  is  remarkably  clear  and  pure. 
The  lake  is  said  to  abound  in  fish.     On  the  borders  of  the  lake  several 
clubhouses  have  been  built  by  Indianapolis,  Peru,  Plymouth,  and 
other  clubs,  and  summer  cottages  are  numerous  along  its  shore. 

Along  the  border  of  the  lake  several  flowing  wells  have  been 
obtained,  which  rise  to  a  height  of  12  to  30  feet  above  the  lake  sur- 
face. The  first  well  driven  was  only  13  feet  in  depth.  Several  have 
a  depth  of  but  20  or  25  feet.  Others  are  put  down  to  a  depth  of  50 
to  75  feet.  One  well  has  a  depth  of  160  feet,  and  one  reached  a  depth 
of  203  feet.  There  appear  to  be  several  water  horizons,  but  the  head 
is  no  greater  from  the  deep  wells  than  from  the  shallow  ones,  and  the 
upper  horizon  is  as  strong  as  any. 

Two  other  prominent  localities  for  obtaining  flowing  wells  are 
found  in  this  county,  one  being  along  Yellow  River,  in  the  vicinity 
of  Plymouth,  the  other  along  Yellowbank  Creek,  in  the  vicinity  of 
Teegarden.  Those  in  the  vicinity  of  Plymouth  are  usually  but 
40  or  50  feet.  Those  in  the  vicinity  of  Teegarden  are  40  to  100  feet. 
In  all  cases  the  flowing  wells  are  from  beds  of  sand  or  gravel  beneath 
a  sheet  of  till. 
The  bottom  of  the  drift  has,  so  far  as  knowrv  to  Wv^i  Nm\«t^\««i5L 
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reached  in  bat  one  locality,  Plymouth,  the  county  seat,  where  a  gas 
boring  entered  rock  at  242  feet. 

Individual  wells,  — On  the  head  waters  of  Yellow  River,  near  Bremen, 
in  the  northeastern  part  of  the  county,  wells  are  usually  but  12  to  20 
feet  in  depth  and  penetrate  mainly  sand  and  gravel. 

At  Bremen,  however,  there  is  a  small  ridge  of  till  on  which  the 
average  depth  of  wells  is  about  40  feet.  One  well  in  the  west  part  of 
the  village  is  100  feet  in  depth,  mainly  blue  tilL 

Wells  at  Inwood  are  mainly  through  sand  and  gravel,  though  pene- 
trating thin  beds  of  clay ;  the  depth  ranges  from  20  to  50  feet.  Between 
Inwood  and  Plymouth  the  usual  depth  is  about  35  feet,  water  being 
obtained  in  sand  or  gravel  below  till. 

The  gas  well  at  Plymouth  has  the  following  section  of  drift: 

Fteet 

1.  Sand  and  gravel 40 

2.  Till 50 

8.  Mainly  sand  and  gravel 150 

Total 240 

Flowing  wells  in  the  vicinity  of  Plymouth  are  obtained  in  a  narrow 
belt,  scarcely  40  rods  in  width,  along  the  Yellow  River  bottoms.  They 
usually  penetrate  several  feet  of  sand  at  the  surface,  below  which  are 
alternations  of  till  with  sand  beds.  The  best  flow  is  obtained  at  a  depth 
of  42  to  45  feet. 

The  flowing  wells  along  Yellowbank  Creek  are  found  for  2  or  3 
miles  west  from  Teegarden.  They  penetrate  much  blue  till  before 
reaching  a  water  vein.  The  water  horizon  appears  to  vary  greatly  in 
depth  in  the  several  wells,  there  being  a  range  from  40  feet  to  about 
100  feet. 

In  the  southern  part  of  the  county,  on  the  plain  east  and  north  from 
the  Maxinkuckee  moraine,  water  is  usually  obtained  at  10  to  20  feet. 
At  Tippecanoe  Station,  on  the  borders  of  Tippecanoe  River,  the  depth 
is  but  10  or  15  feet.  In  the  north  part  of  Walnut  Township,  where 
the  surface  is  sandy  and  poorly  drained,  wells  seldom  exceed  10  feet 
in  depth.  In  portions  of  Walnut  Township,  although  surface  bowlders 
abound  as  in  till  tracts,  yet  the  underlying  deposits  are  mainly  sand, 
and  wells  are  found  at  depths  of  10  to  20  feet. 

The  deepest  of  the  flowing  wells  at  Lake  Maxinkuckee  is  at  the  resi- 
dence of  D.  W.  Morman.  At  the  time  of  the  writer's  visit  the  water 
scarcely  reached  the  surface,  20  feet  above  the  level  of  the  lake.  Of 
the  203  feet  penetrated,  fully  90  per  cent  is  thought  to  have  been  till, 
the  sand  beds  being  but  a  few  feet  in  thickness. 

Messrs.  Thompson  and  Lee,  in  their  report  on  Marshall  County,^ 
note  two  wells  on  the  northeast  shore  which  have  a  head  31  feet  above 

» Fifteenth  Ann.  Bept.  Indiana  Oeol.  Survey,  pp.  18^186. 
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the  Bortace  of  the  lake.    The  wells  are  each  72  feet  in  depth  and  have 
the  following  section: 

Feet. 

1.  SoQ  and  yellow  day ^ 8 

S.  Sand 14 

8.  Bine  clay 88 

4.  Sand  and  gravel 12 

Total .  .  78 

A  short  distance  east  from  these  wells  the  head  in  a  well  50  feet  in 
depth  is  bnt  19  feet  above  the  lake.  The  well  at  the  Peru  Clubhouse, 
on  the  east  side  of  the  lake,  was  bored  to  a  depth  of  160  feet  and 
obtained  only  a  weak  flow.  At  the  Indianapolis  Clubhouse  a  good 
flow  was  obtained  at  only  27  feet.  At  the  Highland  House  a  well  33 
feet  in  depth  entered  water-bearing  sand  at  a  depth  of  13  feet.  Near 
the  Highland  House  D.  W.  Merman,  of  Indianapolis,  has  several  wells. 
Four  of  them,  averaging  about  22  feet  in  depth,  are  estimated  to  have 
a  combined  discharge  of  15  barrels  per  minute.  These  wells  feed  a 
ram  which  supply  the  grounds  with  water.  Mr.  Morman  also  has  a 
deex>er  well,  with  the  following  section,  in  which  the  flow  is  obtained 
from  the  sand  above  the  blue  clay: 

Feet 

1.  Tellowday 11 

2.  Sand 25 

8.  Blaeday 62 

Total 08 

STARKE  COUNTY. 

General  staiement. — Starke  County  is  situated  on  the  eastern  border 
of  the  head  of  the  Kankakee  marsh,  in  the  northwestern  part  of  the 
State.  Its  area  is  about  300  square  miles.  It  is  a  much  lower  district 
than  Marshall  County  on  the  east,  and  the  surface  is  covered  by  sand 
dnnes  or  marshes,  except  in  the  southeast  portion,  where  a  small  till 
plain  occurs  which  is  nearly  free  from  sand.  Underneath  the  sand, 
throughout  the  inhabited  portion  of  the  county,  a  blue  till  is  often 
found  at  depths  of  10  to  40  feet,  but  wells  are  usually  obtained  in 
the  sand  above  the  till. 

A  boring  at  North  Judson,  for  the  purpose  of  obtaining  natural 
pras,  shows  the  drift  to  have  a  thickness  of  198  feet.  A  gas  boring  at 
Knox  also  penetrated  a  large  amount  of  drift,  but  the  precise  depth 
at  which  rock  is  struck  has  not  been  ascertained.  In  both  borings 
till  is  entered  below  the  sand  at  a  slight  depth  and  constitutes  the 
main  part  of  the  drift. 

Individual  weUs. — At  Knox,  the  county  seat,  wells  are  obtained  at 
various  depths,  ranging  from  14  up  to  40  feet,  the  deeper  ones  being 
on  sand  ridges  and  the  shallow  ones  on  low  ground  among  the  ridges. 
At  the  gas- well  boring  at  Knox  the  water  rose  nearly  to  the  level  of 
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the  surface,  bat  the  pipes  have  been  withdrawn  and  the  well  aban- 
doned.   Some  of  the  shallower  wells  are  very  liable  to  contaminatioiL 

At  North  Judson  the  water  is  obtained  near  the  base  of  the  sand 
at  depths  of  16  to  30  feet,  the  deeper  wells  being  on  sand  ridges. 
There  appears  to  be  a  liability  to  contamination  of  water  in  this  village. 

A  boring  at  the  north  end  of  Cedar  Lake,  in  the  southeastern  part 
of  the  county,  is  reported  to  have  the  following  section: 

Feet 

1.  Sand    5 

2.  Blneclay ^ 

a.  Sand  and  gravel 8 

4.  Blneclay 18 

Total 85* 

Cedar  Lake  is  said  to  have  a  depth  of  34  feet,  with  bowlder  clay  at 
bottom.* 

Near  the  east  border  of  the  county  several  wells  have  been  put 
down. to  depths  of  30  to  100  feet,  mainly  through  till.  The  deepest 
one  (at  Mr.  Pette's,  in  sec.  24,  T.  32,  R.  1  W.),  about  100  feet  in  depth, 
has  the  following  section: 

Feet 

1.  Yellowtill 10tol2 

2.  Bine  till 16 

3.  Qraysand 52 

4.  Blue  clay 4 

5.  Cemented  sand  and  gravel 15 

Total 97to99 

A  mile  north  from  Mr.  Pette's,  at  David  Fetter's,  a  well  penetrates— 

1.  Sandy  till 5 

2.  Blue  till 13 

3.  d^uicksand 5 

4.  Blue  till 80 

Total 63 

NEWTON  COUNTY. 

General  statement. — Newton  County  is  situated  on  the  west  border 
of  the  State,  immediately  south  of  Kankakee  River.  It  has  an  area 
of  about  400  square  miles.  The  northern  third  of  the  county  falls 
within  the  limits  of  the  Kankakee  marsh  and  the  sandy  ridges  which 
form  the  soutliern  border.  The  central  portion  of  the  county  is  occu- 
pied by  a  moraine  3  to  5  miles  in  width,  which  leads  across  it  from 
west  to  east.  This  moraine  rises  from  50  to  75  feet  above  the  bor- 
dering plains  on  either  side  and  has  a  gently  undulating  surface. 
South  from  the  moraine  is  a  plain  traversed  by  the  Iroquois  River, 
which  extends  southward  beyond  the  limits  of  the  county. 

In  the  sandy  northern  portion  of  the  county  wells  were,  in  the  early 
days  of  settlement,  put  down  to  a  slight  depth  and  obtained  their 
water  in  the  sand;  but  within  the  past  I^n^  ^eav^  Wi^-^  Vi^a.ve  been 
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[ik  to  depths  of  00  to  100  feet  or  more,  through  a  sheet  of  bine  till 
lieh  ttnderlies  the  sand,  to  beds  of  sand  and  gravel  which  fnmlsh  a 
tter  quality  of  water  than  that  in  the  surface  sand.  Along  the 
>rainic  ridge  wells  are  usually  obtained  in  the  glacial  drift,  but 
ve  oocasionally  been  put  down  in  the  underlying  rock.  The  dis- 
Qce  to  rock  is  100  to  150  feet  or  more.  The  best  wells  on  the 
9raine  are  deep  ones,  exteuding  nearly  to  the  base  of  the  drift. 
le  moraine  appears  to  be  com{)osed  of  a  nearly  solid  bed  of  till.  In 
e  plain  south  of  the  moraine  many  wells  are  sunk  75  to  100  feet  or 
ore  to  obtain  a  better  supply  of  water  than  is  afforded  at  shallower 
ipths.  On  the  immediate  borders  of  the  Iroquois  River  wells  reach 
depth  of  100  feet  without  entering  rock,  but  in  the  southern  portion 
:  the  county  rock  Is  often  entered  at  25  feet  or  less.  The  rock 
irface  appears  to  be  generally  much  higher  on  the  southern  borders 
f  the  county  than  in  the  district  north  from  the  Iroquois  River. 
Individiuil  wells. — Records  of  several  deep  wells  in  this  county  are 
resented  in  the  Twelfth  Annual  Report  of  the  State  Geologist,  and 
re  also  given  below: 

Twelve  wells,  bored  by  Hyer  Brothers,  in  and  near  Kentland,  pen- 
;rated,  on  an  average,  the  beds  named  below: 

Soil ...  3 

YeUowclay 10 

Blue  glacial  clay 45 

Sharp  sand ^ 2 

Total 60 

Water  rises  to  within  18  or  20  feet  of  the  surface. 

The  well  at  the  public  square  in  Kentland  obtained  a  flow  of  water 

300  feet  and  penetrated  the  following  strata: 

Feet 

Qladal  deposits 150 

Blackslate 78 

DeYonian  limestone ^ 25 

Upper  Silnrian  limestone . 120 

Total 868 

At  Kent's  warehouse,  in  Kentland,  an  unsuccessful  boring  for  water 
netrated: 

Feet 

Glacial  deposits 82 

Blackslate 80 

Total 102 

A  well  at  Alexander  Kent's,  1  mile  northeast  of  Kentland,  320  feet 
depth,  penetrated  182  feet  of  drift.  A  well  on  his  farm,  4  miles 
^rtheastof  Kentland,  found  only  50  feet  of  glacial  drift  and  obtained 
iter  in  limestone  at  53  feet.  A  well  on  another  farm,  2  miles  south- 
)8t  of  Kentland,  struck  limestone  at  50  feet  and  there  obtained 
iter. 
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At  Mr.  Brush's,  3  miles  southwest  of  Eentland,  a  flowing  well  has 
the  following  section : 

Feet 

1.  Soil  and  yellow  clay 9 

2.  Sand  and  gravel 4 

3.  Blneclay 68 

4.  Hardpan  gravel 4 

5.  Limestone  ..  1 

Total 88 

Another  flowing  well  was  obtained  at  Mr.  Drake's,  sec.  25,  T.  27, 
R.  9  W.,  3  miles  east  of  Kentland.  After  penetrating  33  feet  of  till 
it  enters  a  bed  of  sand  and  gravel,  from  which  the  flow  is  obtained. 

Several  flowing  wells  have  been  obtained  in  the  Iroquois  Valley  on 
the  overflow  plain  of  the  river.  An  average  section  of  several  of  these 
wells,  furnished  by  David  McKenzie,  their  driller,  is  as  follows: 

Feet 

1.  Soil  and  sand UtoH 

2.  Blueclay ao 

3.  Hardpan  gravel 5 

4.  Bine  sand  with  flow  of  water 4 

Total 53to56 

A  well  near  the  State  line  west  of  Kentland,  reported  by  Mr. 
McKenzie,  penetrates — 

Feet 

1.  Soil 8 

2.  Yellow  clay 6 

3.  Blue  glacial  clay 35 

4.  Blue  glacial  clay  with  partings  of  sand 46 

5.  Gravel  and  fine  sand 3 

Total 83 

A  well  on  Mr.  Peterson's  farm,  near  the  State  line,  in  sec.  11,  T.  28, 
R.  10  W.,  on  a  high  part  of  the  moraine,  referred  to  above,  penetrates 
168  feet  of  drift  without  reaching  the  rock.  Mr.  McKenzie  reports 
the  following  section: 

Feet 

1.  Soil  and  yellow  clay 6 

2.  Bine  bowlder  clay IM 

3.  Fine  gravel  and  sand  with  water 8 

Total 1«8 

An  almost  identical  series  was  found  at  Mr.  Besicker's,  in  the  adjoin- 
ing section  on  the  south,  where  a  well  171  feet  in  depth  was  in  till  to 
a  depth  of  165  feet  before  striking  water-bearing  strata. 

About  5  miles  northwest  from  Kentland,  in  sec.  13,  T.  27,  R.  10  W., 

fonr  wells  on  the  farm  of  Mr.  J.  V.  Speck  are  reported  to  have  passed 

through  a  brown  swamp  muck  at  the  bottom  of  the  till,  about  80  feet 

below  the  surface,  beneath  which  there  was  water-bearing  sand  and 

g'i'H  vei 
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At  HoTocoo  a  boring  at  the  Creamery  penetrated  127  feet  of  till,  at 

hich  depth  limestone  was  entered. 

Several  wells  near  the  range  line  east  of  Morocco,  on  the  north 

ope  of  the  moraine,  enter  rock  at  110  to  120  feet,  after  penetrating 

solid  bed  of  till. 

At  Mount  Ayer,  also  on  the  moraine,  near  the  eastern  border  of  the 

)unty,  many  wells  get  a  good  supply  of  water  in  gravel  at  30  or  35 

«t,  but  a  few  have  been  put  down  to  depths  of  140  to  160  feet.    Mr. 

shby's  well  penetrated  120  feet  of  drift  and  20  feet  of  rock,  as  fol- 

»W8: 

Pool. 
YeUowtill : 10 

Bine  sand 20 

Blue  till 90 

Blue  shale 20 

Hard  flint  rock  at  bottom. 

Total 140 

Mr.  Lewis  Marion's  well  in  the  southwest  part  of  the  village  strikes 
hale  at  139  feet.  W.  J.  Young's  well  strikes  shale  at  about  150  feet, 
nd  a  hard  rock  at  162  feet.    The  drift  is  mainly  till. 

In  the  vicinity  of  Brooke  a  soft  till  is  penetrated  to  a  depth  of  50  or 

0  feet,  below  which  there  is  a  harder  till,  extending  either  to  the  rock 
r  to  water-bearing  beds.  Several  wells  between  Brooke  and  the  east 
ne  of  the  county  overflow  when  on  the  low  bottoms  of  the  Iroquois 
tiver,  and  rise  nearly  to  the  surface  on  the  plain  that  borders  the 
iver.     Their  depth  ranges  from  80  feet  up  to  120  feet  or  more.     Rock 

1  usually  struck  at  100  to  120  feet.  The  following  section  at  J.  B. 
yon's,  1  mile  north  of  Brooke,  will  illustrate  the  structure: 

YeUowtill 10 

Bine  sand,  very  fine 5 

Soft  blue  till 55 

Bine-brown  till 36 

Total 106 

Rock  was  struck  at  106  feet.  Water  stands  12  feet  below  the  surface. 
In  the  southwest  part  of  T.  27,  R.  8  W.,  and  southeast  part  of 
27,  R.  9  W.,  near  the  south  line  of  the  county,  several  wells  strike 
ck  at  40  or  50  feet  or  less,  and  there  are  occasional  outcrops  of  the 
)ckport  (often  called  Niagara)  limestone  in  low  knolls  rising  a  few 
et  above  the  level  of  the  bordering  plain.  Eastward  from  there  to 
3odland  the  drift  appears  to  be  generally  thin.  Rock  is  struck  at 
K)ui  20  feet.  The  wells  which  obtain  their  water  from  the  Lockport 
nestone,  in  the  southern  part  of  the  county,  often  reach  a  depth  of 
Oto  300  feet,  and  obtain  a  water  charged  with  sulphureted  hydrogen. 
A  natural  gas  boring  at  Kentland,  1,325  feet  in  depth,  obtained  a 
Iphurous  water  with  head  45  feet  below  the  surface.  It  supplies  the 
%teTwork8. 
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JASPER  COUNTY. 

Oeneral  statement. — Jasper  County  is  situated  in  the  northwestern 
part  of  the  State,  immediately  east  of  Newton  County  and  south  of 
the  Kankakee  marsh.  Its  area  is  570  s(fuare  miles,  the  second  county 
in  area  in  the  State.  Like  Newton  County,  its  northern  third  \a  cov- 
ered by  the  Kankakee  marsh  and  by  sand  ridges  that  form  the  south 
border  of  the  marsh.  Its  central  portion  is  traversed  by  a  continua- 
tion of  the  moraine  that  passes  eastward  across  Newton  County.  Its 
southern  portion  is  a  plain  covered  quite  extensively  with  sand,  which 
in  places  is  drifted  into  dunes. 

In  the  northern  part  of  the  county  the  drift  deposits  are  75  to  200 
feet  in  depth,  but  in  the  central  and  southern  portions,  although  the 
altitude  is  as  great  as  in  the  northern  portion,  the  drift  deposits  are 
generally  quite  thin,  there  being  often  only  a  coating  of  sand  10  to  20 
feet  in  depth.  In  some  wells  in  the  northern  part  of  the  county  (cited 
below)  a  hard  till  is  found  below  the  soft  Wisconsin  till  which  is 
probably  Ulinoian  drift. 

Individtial  iveUs, — On  the  borders  of  the  Kankakee  marsh,  in  the 
northern  part  of  the  county,  wells  are  usually  obtained  at  slight  depth 
in  the  sand  deposits.  But  upon  approaching  the  moraine  in  the  cen- 
tral portion  of  the  county  the  sand  has  insufficient  depth  to  afford 
good  water,  and  wells  are  accordingly  sunk  to  beds  of  sand  and  gravel 
beneath  the  till. 

Two  wells  at  Surrey  enter  rock  at  about  90  feet.  They  are  mainly 
through  till.  Several  borings  for  gas  2  or  3  miles  north  of  Surrey,  on 
the  edge  of  the  sandy  ridges,  strike  rock  at  80  or  90  feet.  The  drift  is 
mainly  till. 

On  the  crest  of  the  moraine  southeast  of  Surrey  a  well  at  Charles 
Coen's,  sec.  12,  T.  29,  R.  7  W.,  strikes  rock  at  192  feet,  and  there 
obtains  water.  A  well  at  William  Nowel's,  in  the  same  section, 
strikes  rock  at  140  feet  and  obtains  water  at  162  feet.  In  both  wells 
the  drift  is  mainly  till. 

In  sec.  30,  T.  30,  R.  6  W.,  on  the  north  border  of  the  moraine,  a 
well  at  Jacob  Usli's  obtains  water  at  146  feet  without  striking  rock. 
Another  at  George  Marcum's  obtains  water  at  130  feet.  In  both  wells 
a  soft  till  is  penetrated  for  about  90  feet,  below  which  is  a  haixi  till, 
extending  to  the  water-bearing  sand  and  gravel.  At  J.  S.  Williams's, 
a  short  distance  north  from  the  wells  just  mentioned,  a  well  was 
obtained  at  the  bottom  of  the  soft  till  at  a  depth  of  97  feet. 

A  well  in  a  low,  marshy  tract  in  sec.  15,  T.  30,  R.  0  W.,  enters  rock 
at  about  75  feet. 

A  well  on  the  moraine  in  sec.  13,  T.  30,  R.  5  W.,  penetrates  102 
feet  of  drift,  mainly  blue  till.  Another  well  in  the  same  section  i)en- 
etrates  80  feet.  A  well  at  Mr.  Osborne's,  in  section  1  of  the  same 
township,  has  126  feet  of  drift,  and  one  at  Mt.  Rayburn's^  in  section 
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2, 118  feet.  In  all  these  wells  the  water  is  obtained  at  slight  depth  in 
the  underlying  rock. 

On  the  plain  north  of  the  moraine,  in  sec.  27,  T.  31,  R.  5  W.,  a  well 
at  James  Gill's  enters  rock  at  47  feet,  after  penetrating  considerable 
till. 

Passing  southward  near  the  east  side  of  the  county  to  the  south 
border  of  the  moraine,  the  rock  is  found  to  rise  within  a  few  feet  of 
the  surface.  Wells  in  sec.  3,  T.  29,  R.  5  W.,  penetrate  but  5  to  15 
feet  of  drift.  This  region  of  thin  drift  extends  southward  beyond  the 
limits  of  the  county  and  westward  to  Rensselaer.  Some  of  the  wells 
obtain  their  water  without  entering  the  rock,  but  a  large  number  are 
carried  a  few  feet  into  the  rock. 

Immediately  west  of  Rensselaer  the  rock  surface  suddenly  drops 
down  75  or  100  feet  or  more,  so  that  wells  are  80  to  150  feet  in  drift. 
For  example,  a  well  on  the  south  border  of  the  moraine,  in  sec.  29, 
T.  29,  R.  7  W.,  enters  rock  at  143  feet.  -A  well  on  the  plain  south  of 
the  Iroquois  River,  in  sec.  3,  T.  28,  R.  7  W.,  enters  rock  at  about  80 
feet.  The  rock  surface  continues  low  for  several  miles  south  from 
the  Iroquois  River,  in  the  western  part  of  the  county,  and  wells  are 
often  50  to  75  feet  in  depth  without  entering  the  rock. 

In  the  southern  half  of  T.  27,  R.  7  W.,  the  rock  surface  rises  to 
a  greater  altitude  than  in  the  vicinity  of  Rensselaer.  Although  the 
general  elevation  is  about  50  feet  higher  than  at  Rensselaer  and  the 
portion  of  the  county  east  from  that  city,  the  wells  in  this  southern 
end  of  the  county  often  enter  rock  at  10  to  20  feet. 

At  Remington  the  dug  wells  are  usually  12  to  20  feet  in  depth, 
obtaining  water  near  the  base  of  the  drift.  The  drilled  wells  are  75  to 
125  feet  in  depth.  Robert  Parker's  well,  125  feet  in  depth,  has  the 
following  section : 

Feet. 

1.  Drift 18 

2.  Shale 95  to  100 

3.  Solid  stofne,  probably  limestone 8  to   10 

Total 126 

The  water  rises  from  this  depth  within  18  feet  of  the  surface.  It 
contains  sulphureted  hydrogen  in  small  amount. 

Wells  for  water  in  the  vicinity  of  Rensselaer  range  in  depth  from 
30  feet  to  200  feet.  They  enter  rock  at  6  to  15  feet.  On  the  low 
ground  along  the  river  several  of  them  have  head  sufficient  to  over- 
flow, but  at  the  general  level  of  the  town  the  water  rises  only  within 
5  or  6  feet  of  the  surface.  A  gas- well  boring  at  Rensselaer  was  car- 
ried to  a  depth  of  1,275  feet,  but  the  boring  is  not  utilized,  although  a 
sulphurous  water  rises  to  the  surface.  This  water  is  probably  from 
the  Lockport  limestone,  as  in  the  water  weUs  of  the  vicinity. 
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PULASKI   COUNTY. 

General  statement — Pulaski  County  is  situated  in  the  northwestern 
part  of  the  State,  immediately  east  of  Jasper  and  south  of  Stark 
County.  Its  area  is  430  square  miles.  Like  Stark  County,  Pulaski 
is  almost  entirely  occupied  by  sand  ridges  and  marshes,  there  being 
only  small  areas  of  cultivable  land  free  from  sand,  found  chiefly  on 
the  eastern  and  southern  borders  of  the  county.  Although  it  occu- 
pies the  divide  between  the  Kankakee,  a  tributary  of  the  niinois,  and 
the  Tippecanoe,  a  tributary  of  the  Wabash,  there  is  no  dividing  ridge, 
and  large  tracts  in  the  northwestern  part  of  the  county  might  be 
drained  with  equal  readiness  to  either  stream.  No  adequate  drainage 
lines  have  been  developed  in  the  portion  of  the  county  west  from  the 
Tippecanoe  River.  The  portion  east  from  the  river  is  much  better 
drained. 

Individual  wells, — In  the  northwestern  portion  of  the  county  large 
areas  have  never  been  settled.  On  the  tracts  which  are  cultivated 
wells  are  usually  obtained  at  20  to  40  feet  or  less  without  reaching 
the  bottom  of  the  sand.  In  the  southwestern  portion  of  the  county 
the  drift  deposits  are  very  thin,  and  wells  usually  enter  rock  at  10  to 
20  feet.  At  Medaryville,  however,  a  well  at  the  tile  factory  penetrates 
92  feet  of  drift  and  obtains  its  water  supply  from  the  rock  at  115  to 
120  feet. 

In  the  eastern  part  of  the  county  wells  are  usually  obtained  at 
shallow  depths,  either  in  the  sand  or  in  beds  of  sand  and  gravel 
associated  with  the  till. 

At  Winamac,  the  county  seat,  the  wells  often  reach  a  depth  of  50 
to  60  feet.  They  pass  through  10  to  25  feet  of  sand,  or  a  sandy  clay 
loam,  below  which  is  a  bed  of  blue  till,  extending  to  the  water-bearing 
gravel.  The  dnft  at  this  point  is  110  feet  in  thickness.  The  gas- 
well  boring,  1,200  feet  in  depth,  obtains  a  flow  of  water  estimated  at  45 
gallons  per  minute.  The  horizon  at  which  the  water  was  found  has 
not  been  ascertained. 

FULTON   COUNTY. 

Oeneral  statement, — Fulton  County  is  situated  near  the  middle  of 
the  third  tier  of  counties  from  the  north  boundary  of  the  State,  imme- 
diately east  of  Pulaski  and  south  of  Marshall  County.  It  has  an  area 
of  380  square  miles. 

The  surface  is  very  diversified.  In  the  western  portion  there  is  a 
till  plain  on  which  occasional  drift  ridges  and  knolls  occur,  and  also  a 
few  sand  ridges.  Along  the  northern  boundary  there  is  the  Maxin- 
kuckee  moraine,  and  in  the  eastern  and  southe^istern  portions  the 
western  slope  of  a  bulky  moraine  formed  by  the  Erie  lobe,  which  con- 
nects in  northeastern  Fulton  County  with  the  Maxinkuckee  moraine 
to  form  the  great  Erie-Saginaw  interlobate  moraine,  which,  as  above 
noted,  leads  northeastward  into  M\c\v\^ai\  WvtoM^Vi  V\\vi  uovtUeustern 
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part  of  Indiana.  West  from  the  junction  of  these  two  moraines  there 
is  much  marsh  land  with  sandy  ridges,  which  is  imperfectly  drained 
by  sonthem  tributaries  of  Tipi)ecanoe  River. 

The  thickness  of  the  drift  is  known  at  Rochester,  in  the  central 
{)ortion  of  the  county,  and  at  Kewanna,  in  the  western  portion.  At 
Rochester  an  artesian  well  at  the  court-house  has  155  feet  of  drift, 
while  a  gas-well  boring,  60  rods  northeast  from  the  court-house,  ha« 
245  feet.  The  altitude  of  the  two  wells  is  very  nearly  the  same,  an4 
in  both  there  are  alternations  of  till  with  sand  and  graveL  A^ 
Kewanna  the  drift  is  167  feet  in  one  well  and  208  feet  in  another.  I(i 
is  largely-assorted  material,  but  contains  beds  of  blue  till. 

Individual  wells. — Very  few  records  of  the  sections  of  wells  were 
obtained  in  this  county,  largely  because  of  their  shallowness.  The 
great  majority  of  wells  are  obtained  at  depths  of  20  or  25  feet;  ii^ 
many  cases  at  12  or  14  feet.  In  the  extreme  northeast  comer  of  the 
county,  however,  there  is  an  area  of  a  township  or  more  on  the  east 
side  of  the  Tippecanoe  River  where  a  compact  till  makes  it  necessary 
to  sink  wells  to  a  depth  of  60  or  80  feet.  In  one  section  six  wells  have 
an  average  depth  of  70  feet.  Another  place  in  which  wells  are  some- 
times difficult  to  obtain  is  found  in  the  northwest  township  of  the 
cotinty,  in  the  Maxinkuckee  moraine,  but  here  it  is  rare  for  a  well  to 
exceed  60  feet  in  depth. 

WHITLEY  COUNTY. 

Oeneral  sfaiement. — Whitley  County  is  situated  in  the  northeast* 
ern  part,  of  the  State,  immediately  west  of  Allen  and  south  of  Noble 
County.     It  has  an  area  of  330  square  miles. 

The  extreme  northwestern  border  of  the  county  is  occupied  by  the 
interlobate  Erie-Saginaw  moraine.  The  remaining  portion  of  the 
northwest  half  of  the  county  is  largely  occupied  by  the  Mississinewa 
moraine  of  the  Erie  lobe,  which  closely  flanks  the  interlobate  moraine. 
The  inner  or  southeastern  border  of  the  Mississinewa  moraine  is  fol- 
lowed more  or  less  closely  by  Eel  River.  The  portion  of  the  county 
lying  east  and  south  of  Eel  River  is  largely  plane  surfaced,  though 
occasional  knolls  and  ridges  of  drift  give  it  some  diversity. 

This  county  is  preeminently  a  clay  county,  there  being  but  limited 
areas  in  which  sand  or  gravel  is  found  at  the  surface  or  at  slight 
depth.  The  drift  to  a  depth  of  50  to  60  feet  or  more  is  usually  a  com- 
pact till  in  which  only  weak  wells  can  be  obtained.  The  most  con- 
spicuous exception  is  a  narrow  belt  along  Eel  River,  scarcely  more 
than  a  mile  in  width,  in  which  deposits  of  sand  and  gravel  appear  at 
the  surface,  and  strong  wells  are  obtained  at  slight  depth. 

The  thickness  of  the  drift  is  known  at  Columbia  City,  the  county 
seat,  and  at  Larwell,  a  village  about  10  miles  west  from  Columbia 
City.  At  Columbia  City  the  gas  boring  made  on  low  ground  near  Eel 
River  has  224  feet  ot  drift,  mainly  sand.     At  liarv^eiW  \\v^  ^'a^  X^tVt^^ 
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maAft  fjfa  AB  ««eTas«d  p^n  oC  tlMr  Boimiiie  has  %5  feet  of  drift.  At 
tlu»  prxn:;  :b^r«:  i«  *bcH[xi:  I*»  f€«t  of  tiD  at  the  surface,  below  wfaiek 
the  drift  L^  oLainly  ?!aa*i  and  ^raveL  In  boch  wells  lar^ge  quantitici 
of  wauer  w#rr»-  »>otaizbf^  CK-fon^  reaefaing  the  roek.  That  at  Colombia 
CitT  ov<rrf!«>w^.  It  i»  probable  that  in  the  extreme  sootbeast  oorner 
of  th^  eoanty  ^he  drift  i^  les^  than  I*>'.*  feet. 

Indkrkdtt^  •jr^.iU. — Bat  few  records  of  wells  were  obtained  in  thk 
eoont y.  ^nce  the  aeetions  appear  to  differ  bat  little  in  structare.  The 
compact  till  is  reported  in  the  majority  of  wells  in  every  township  of 
the  coanty.  Oci^aaonally  considerable  variety  is  found  in  the  dis- 
tance to  the  water  beds  within  the  limits  of  a  single  ^'illagv.  bat  ss  a 
rale  no  strong  wells  have  been  obtained  above  the  general  water 
stratam.  ->•>  to  75  feet  below  the  surface. 

At  Charabosco.  in  the  extreme  northeast  part  of  the  county,  the 
deepest  well  is  reported  to  be  S«>  feet,  whUe  several  are  50  feet  or 
more. 

At  Collins,  4  miles  soathwest  of  Churubaseo,  several  wells  are  75 
or  80  feet,  through  till. 

At  Colombia  City,  which  is  situated  near  the  Eel  River  valley,  welb 
often  reach  the  bottom  of  the  till  at  3i>  or  40  feet. 

The  deepest  water  well  of  which  record  was  obtained  is  on  the  plaio 
in  the  southeastern  part  of  the  coanty,  and  penetrates — 

1.  Till «: 

2.  Sand  and  gravel,  with  beds  of  tiU 180 

a.  Water  grsTel    5 

Total - 202 

ALLEN  COUNTY. 

General  staiemenL — Allen  County  is  situated  in  the  northeastern 
part  of  Indiana,  on  the  east  bonier.  Fort  Wayne  is  its  county 
seat.  It  has  the  distinction  of  being  the  largest  county  in  the  State, 
having  an  aroa  of  050  square  miles. 

Thf*  grc^ater  part  of  the  county  has  a  level  surface,  though  there  are 
two  well-defined  morainic  l)elts  which  pass  through  it.  The  St.  Marys 
moraine  enters  in  the  southeast  part  and  follows  the  northeast  border 
of  the  St.  Marys  River  to  Fort  Wayne.  It  then  finds  its  continuation 
northward  on  the  east  side  of  the  St.  Joseph  River.  The  Wahash 
moraine  entci-s  the  county  near  Zanesville,  in  its  southwest  comer, 
and  passi*s  thence  nf)rthward  to  the  old  lake  outlet  near  Aboit.  North 
from  the  outlet  its  coui-se  is  northeastward  along  the  northwest  side 
of  Ihr*  St.  Joseph  River.  There  is  a  narrow  plain  in  southern  Allen 
('ounty  between  these  two  moraines,  hut  in  northern  Allen  County 
th(?y  are  separated  only  by  the  valley  of  the  St.  Joseph  River.  A 
plain  in  tlic  northwestern  j)art of  the  eounty  extends  beyond  its  limits 
}iiio  ]>okn}})  Hud  Whitley  eouutAi-s.     I'Uv!;  \ilauv  iu  the  eastern  part  of 
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l3ie  ooanty,  formerly  oovered  by  the  glacial  lake  which  discharged 
Bouthwestward  to  the  Wabash,  has  a  very  smooth  surface,  with  only 
an  oocasional  low  ridge  of  sand  or  bar  of  gravel  formed  by  the  lake 
waters. 

In  the  southern  half  of  the  county  the  thickness  of  the  drift  is 
yery  much  less  than  in  the  northern  half,  though  probably  averaging 
not  less  than  76  feet.  At  Fort  Wayne  it  is  60  to  125  feet  or  more. 
Near  the  north  border  of  the  county  the  drift  exceeds  200  feet,  two 
borings  having  reached  that  depth  without  entering  rock.  In  the 
south  paCrt  of  the  county  it  is  in  places  but  20  or  30  feet. 

In  this  county,  as  in  Whitley,  the  greater  part  of  the  drift  pene- 
trated by  weUs  is  a  compact  till.  Wells  are,  as  a  rule,  more  easily 
obtained  than  in  Whitley  County.  Along  the  St.  Joseph  River  there 
is  a  narrow  belt  of  gravelly  land.  There  is  also  a  gravel  plain  of  some 
extent  in  the  northwest  part  of  the  county,  near  Huntertown,  which 
connects  the  gravel  deposits  of  the  Cedar  Creek  valley  with  the  gravel 
belt  on  Eel  River,  thus  crossing  the  continental  divide  between  the 
St.  Lawrence  and  the  Mississippi  basins.  It  is  needless  to  say  that 
there  is  no  ridge  along  this  part  of  the  divide. 

Individual  wells, — A  well  at  the  court-house  in  Fort  Wayne,  sunk 
in  1875  for  artesian  water,  reached  a  depth  of  3,000  feet,  but  its  head 
fell  short  several  feet  of  coming  to  the  surface,  772  feet  above  tide. 
The  drift  at  this  boring  is  88  feet.  A  boring  for  natural  gas  in  the  old 
lake  outlet,  north  of  the  St.  Marys  River  in  Fort  Wayne,  at  an  eleva- 
tion about  750  feet  above  tide,  penetrates  96  feet  of  drift.  One  3  miles 
west,  also  in  the  lake  outlet,  has  90  feet  of  drift.  The  waterworks  of 
Fort  Wayne  are  supplied  from  about  fifty  wells,  some  being  in  gravel 
at  depths  of  40  to  60  feet,  others  in  rock  at  250  to  450  feet.  Abbott's 
gas- well  boring  in  the  eastern  part  of  the  city,  at  an  elevation  nearly 
800  feet  above  tide,  penetrates  106  feet  of  drift.  In  this,  as  well  as 
several  other  borings  in  the  vicinity  of  Fort  Wayne,  the  lower  portion 
of  the  drift  is  found  to  contain  much  sand  and  gravel.  In  one  boring 
near  the  bank  of  the  Maumee  River  Dr.  Dryer  reports  a  flowing  well, 
depth  not  given,  which  upon  a  partial  analysis  shows  hard  water,  with 
a  trace  of  sodium  chloride  and  a  small  amount  of  sulphureted  hydro- 
gen; also  iron  carbonate  in  measurable  amount.* 

Wells  near  the  county  infirmary,  southwest  of  Fort  Wayne,  on  the 
border  of  the  lake  outlet,  obtain  water  at  25  or  35  feet.  After  pene- 
trating a  few  feet  of  surface  sand  they  are  mainly  through  till.  In  a 
few  cases  the  wells  reach  a  depth  of  60  feet. 

In  the  portion  of  the  county  north  of  the  lake  outlet  and  west  of 
the  St.  Joseph  River  there  is  usually  but  20  or  30  feet  of  till  to  be 
penetrated  before  a  strong  stream  of  water  is  found  in  sand  or  gravel. 
Possibly  a  continuous  sheet  of  gravel  underlies  that  region  at  com- 
paratively slight  depth.     In  one  case  a  boring  near  the  north  line  of 
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the  county,  after  penetrating  20  feet  of  surface  tiU,  was  carried  125 
feet  into  sand  without  reaching  its  bottom. 

Reference  was  made  in  the  discussion  of  Dekalb  County  to  several 
wells  near  Spencerville  which  have  a  depth  of  60  to  100  feet.  Some 
of  these  are  located  in  northern  Allen  County.  The  well  at  Christian 
Hirsh's,  198  feet  deep,  is  very  near  the  county  line.  This  well,  after 
penetrating  70  feet  of  till,  passed  through  120  feet  of  fine  sand  before 
entering  a  material  coarse  enough  to  screen.  Sand  of  such  fineness 
is  frequently  a  greater  obstacle  to  well  drillers  than  a  solid  blue  till 
free  from  water. 

Deep  wells  are  more  common  in  the  northeastern  part  of  the  county 
than  elsewhere,  there  being  a  heavy  sheet  of  till  on  the  moraine  east 
of  the  St.  Joseph  River  and  also  on  the  old  lake  plain.  It  is  not  rare 
to  penetrate  till  60  or  75  feet  before  obtaining  water. 

From  Fort  Wayne  eastward  to  New  Haven  rock  is  usually  enconn- 
tered  at  80  feet  or  less.  In  some  cases  wells  are  obtained  at  25  or  35 
feet  in  beds  of  gravel  between  the  sheets  of  till.  There  are  also 
places  where  wells  may  be  obtained  in  the  sand  of  the  old  lake  outlet 
at  depths  of  20  feet  or  less. 

At  the  village  of  New  Haven  the  wells  are  obtained  in  gravel  at  a 
depth  of  about  30  feet.  There  is,  however,  a  well  at  E.  W.  Green's, 
just  east  of  the  village,  situated  on  the  upper  lake  beach,  which  has 
the  following  section : 

1.  Beach  sand  and  gravel *. 9 

2,  Blue  clay ». 33 

8.  Gravel 3 

4.  Blue  till 33 

5.  Cobble  and  gravel 5 

Total 78 

Another  well  at  Mr.  Green's,  55  feet  in  depth,  penetrates  18  feet  of 
surface  sand,  and  is  then  through  blue  till  to  the  bottom.  There  are 
two  wells  at  Herman  Schuelker's,  in  New  Haven,  each  about  60  feet 
in  depth,  which  are  mainly  till.  The  waterworks  supply  at  Now  Haven 
is  from  a  gas  boring  300  feet  in  depth.  In  this  boring  rock  was  struck 
at  82  feet.  At  about  150  feet  a  strong  flow  of  water  was  obtained, 
which  rose  nearly  to  the  surface,  and  at  300  feet  the  head  was  increased 
to  11  feet  above  the  surface.  An  analysis  of  the  water  is  given  else- 
where.^ 

A  well  at  Robert  Bell's,  east  from  New  Haven,  near  the  State  line, 
strikes  rock  at  60  feet,  and  obtains  water  at  that  depth. 

The  southeastern  portion  of  the  county  usually  affords  strong  veins 
of  water  at  convenient  depths,  seldom  more  than  30  or  40  feet.  The 
drift  in  that  portion  of  the  county  is  probably  not  more  than  75  feet 
in  average  thickness. 

» Eigtitecnth  Ann.  Bept.  U.  S.  Geol.  Survey,  Part  IV,  p.  4t*». 
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In  the  southwestern  and  sonthem  portions  of  the  comity  records  of 
a  few  wells  were  obtained  which  penetrate  20  or  30  feet  of  till  before 
reaching  a  water  gravel.  Occasionally  a  well  is  sunk  to  a  depth  of  75 
feet,  largely  through  tiU.  One  well  on  the  moraine  in  the  southwest 
comer  of  the  county,  102  feet  in  depth,  is  mainly  through  till.  Another, 
S5  feet  in  depth,  is  also  largely  through  till.  Upon  passing  eastward 
from  the  moraine  in  the  southwest  township  of  the  county  tubular 
wells  are  found  to  decrease  in  depth,  being  75  or  100  feet  on  the  moraine 
and  but  40  or  50  feet  on  the  boi*dering  plain. 

ADAMS   COUNTY. 

General  statement, — ^Adams  County  is  situated  on  the  east  border 
of  the  State,  immediately  south  of  Allen.  Its  area  is  330  square 
miles.  Like  Allen  County,  it  has  a  large  amount  of  very  plane  sur- 
face, whose  monotony  is  broken  by  two  moraines,  the  St.  Marys  and 
khe  Wabash.  The  St.  Marys  moraine  crosses  the  northeast  comer  of 
bhe  county,  and  occupies  a  belt  2  to  4  miles  in  width  along  the  east 
tx)rder  of  the  St.  Marys  River.  The  Wabash  moraine  traverses  the 
ionthem  and  southwestern  portion  of  the  county,  following  the 
northeast  border  of  the  Wabash  River,  and  has  a  breadth  seldom 
exceeding  2  miles.  The  altitude  of  the  southern  portion  of  the 
sounty  is  somewhat  higher  than  that  of  the  northern  portion,  but  the 
general  descent  in  the  24  miles  from  south  to  north  across  the  county 
amounts  to  scarcely  100  feet.  *»= 

The  moraines  and  also  the  plain  tracts  present  a  nearly  unbroken 
sheet  of  till.  There  appear  to  be  no  definite  gravel  aprons  or  out- 
wash  deposits  ftom  the  moraines.  In  places  where  the  drift  is  thick 
considerable  sand  and  gravel  is  found  in  its  lower  portion,  but  as  a 
rule  the  drift  deposits  are  thin,  their  average  thickness  being  scarcely 
more  than  50  feet,  if  the  deep  preglacial  valleys  are  disregarded. 
Wells  often  reach  rock  at  but  30  or  40  feet  or  less,  and  the  shallow 
valleys  of  the  St.  Marys  and  Wabash,  scarcely  more  than  30  feet  in 
depth,  have  numerous  rock  outcrops  along  their  courses  in  this 
county.  The  great  depth  of  valley  excavation  prior  to  the  drift 
deposition  is  shown  by  the  gas- well  boring  at  Geneva,  in  the  southern 
part  of  the  county,  where  350  feet  of  glacial  drift  was  encountered. 
Within  a  mile  of  the  boring  at  Geneva  rock  outcrops  occur  at  an  ele- 
vation as  high  as  the  well  mouth.  Notwithstanding  the  great  depth 
of  these  preglacial  valleys,  they  are  so  completely  filled  that  no  sur- 
face indications  of  their  courses  can  be  seen. 

Individv/xl  weUa. — Along  the  St.  Marys  moraine  and  the  plain  east 
of  it,  in  the  northeastern  part  of  the  county,  the  depth  of  wells  ranges 
from  20  to  50  feet,  mainly  through  till. 

At  Decatur  rock  is  struck  at  the  court-house  well  at  40  feet.  It 
penetrates  till,  with  the  exception  of  a  few  feet  of  sand  at  the  bottom. 
Several  wells  in  the  city  obtain  their  water  suyyly  from  th\&  \i^<l  ot 
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sand  and  gravel  above  the  rock.     The  city  waterworks  obtain  a  sup- 
ply from  limestone  at  250  feet. 

At  Pleasant  Mills,  near  the  east  border  of  the  county,  wells  are  20 
to  35  feet  in  depth,  mainly  through  till.  They  usually  obtain  water 
in  a  bed  of  sand  or  gravel,  but  a  few  enter  the  rock. 

On  the  plain  south  and  west  from  the  St.  Marys  River  records  of 
several  wells  were  obtained  which  enter  rock  at  50  or  60  feet.  They 
usually  penetrate  from  35  to  50  feet  of  till,  beneath  which  a  bed  of 
sand  is  found,  which,  if  not  of  too  fine  texture,  is  made  the  source  of 
water  supply,  but  if  very  fine  it  is  cased  out,  and  water  is  obtained 
from  the  underlying  rock.  On  portions  of  this  plain  rock  is  encoun- 
tered at  20  to  25  feet. 

On  the  Wabash  moraine,  in  the  southern  part  of  the  county, 
records  of  two  wells  were  obtained  in  sec.  32,  T.  25,  R.  15  E.,  which 
enter  rock  at  51  and  60  feet.  They  each  penetrate  35  or  40  feet  of 
till,  below  which  is  sand.  A  well  on  the  moraine  in  section  31  of  the 
same  township  enters  rock  at  70  feet.  It  penetrates  till  52  feet, 
below  which  is  sand  and  gravel. 

Along  the  Wabash  River  wells  are  usually  obtained  at  16  or  20  feet^ 
either  at  the  surface  of  the  rock  or  at  slight  depth  in  it. 

At  Geneva,  which  is  situated  near  the  Wabash  River,  the  wells 
usually  obtain  water  in  gravel  below  till  at  about  35  feet.  A  few  are 
sunk  into  limestone  and  have  a  depth  of  80  feet.  The  gas-well  bor- 
ing, as  above  noted,  penetrated  350  feet  of  drift.  Of  this,  the  upper 
80  feet  was  principally  till;  the  remaining  270  feet  was  mainly  sand 
and  gravel. 

On  the  plain  southwest  from  the  Wabash  River  rock  is  usually 
encountered  at  but  20  or  30  feet.  The  majority  of  wells,  however, 
are  obtained  without  penetrating  the  rock. 

WELLS  COUNTY. 

General  sMement — Wells  County  is  situated  immediately  west  of 
Adams  and  south  of  Allen  County,  in  the  northeastern  part  of  the 
Stato.     It  has  an  area  of  357  square  miles.     Its  topography  is  quite 
similar  to  that  of  Adams  County,  there  being  a  plain  surface  except 
in  two  moraines,  one  of  which  crosses  the  northeastern  portion  of  the 
county  and  the  other  the  southwestern.     The  one  in  the  northeastern 
part  is  the  continuation  of  the  Wabash  moraine  of  Adams  County. 
It  follows  the  northeastern  bonier  of  Wabash  River  to    about  the 
middle  of  the  county,  where  it  turns  north  away  from  the  river  and 
traverses  Allen  County,  as  noted  above.     The  moraine  which  crosses 
the  southwestern  corner  follows  the  northeast  border  of  Salamonie 
River  and  receives  the  name  Salamonie  from  tliat  stream.     Neither 
of  these  moraines  much  exceed  2  miles  in  average  width  in  their  course 
through  this  county.     There  is  also  a  slight  ridging  of  the  drift  along 
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the  northeast  border  of  Bock  Creek,  x>Ai^Uel  to  and  midway  between 
the  two  moraines  jnst  mentioned.    Its  relief  is,  however,  but  15  or  20 
feet,  or  scarcely  half  as  great  as  the  relief  of  either  of  the  moraines 
mentioned.     The  streams  of  this  county,  like  those  of  Adams,  are 
flowing  in  small,  shallow  valleys,  cut  but  20  to  40  feet  into  the  plains. 
The  drift  is  very  similar  to  that  of  Adams  County,  being  a  some- 
what uniform  sheet  of  compact  till  at  surface,  with  thin  beds  of  sand 
included  in  or  underlying  it.     The  thickness  of  the  drift  is  also  mod- 
erate, rock  being  struck  at  many  places  at  30  to  50  feet,  and  occasion- 
ally at  less  depths.     The  average  thickness  for  the  county,  unless 
greatly  affected  by  concealed  deep  valleys,  probably  does  not  exceed 
50  feet.     There  are  no  surface  indications  of  deep  valleys  traversing 
the  county,  nor  have  borings  shown  thei  r  presence.     The  deep  borings, 
however,  are  not  sufficiently  numerous  to  afford  much  knowledge  of 
the  toi)ography  of  the  rock  surface. 

Individual  weUs, — Wells  along  the  Wabash  moraine,  in  the  north 
part  of  the  county,  usually  penetrate  but  50  or  75  feet  of  till,  and 
tubular  wells  are  usually  put  down  to  these  depths.  The  dug  wells 
obtain  moderate  amounts  of  water  from  local  beds  of  gravel  or  sand 
in  the  till  at  much  less  depth.  At  Kingsland,  on  the  crest  of  the 
moraine,  a  record  of  one  well  was  obtained,  which  enters  rock  at  80 
feet,  but  another  well  of  the  same  depth  does  not  reach  rock;  both 
are  mainly  through  till. 

West  of  the  Wabash  moraine  rock  is  usually  found  at  50  to  70  feet, 
while  in  the  vicinity  of  Uniondale  it  is  struck  at  20  to  40  feet.  The 
tubular  wells  often  enter  the  rock.  Dug  wells  usually  obtain  supplies 
of  water  in  the  lower  portion  of  the  drift. 

Near  the  eastern  border  of  the  county  the  drift  on  the  moraine  is 
about  100  feet  in  thickness,  and  several  wells  in  that  vicinity  are  60 
to  100  feet  in  depth.  On  the  plain  north  of  the  moraine  wells  are 
usually  obtained  at  less  than  50  feet. 

Along  the  Wabash  River  there  are  numerous  outcrops  of  rock,  but 
wells  are  ordinarily  obtained  above  the  rock  at  depths  of  20  feet  or 
less. 

At  the  city  of  Bluffton,  the  county  seat,  the  supply  for  the  water- 
works is  obtained  from  wells  drilled  into  the  rock  to  a  distance  of  150 
to  300  feet. 

On  the  plain  southwest  from  the  Wabash  River  wells  are  usually 
obtained  at  40  feet  or  less  in  beds  of  sand  or  gravel  below  the  till. 
Occasionally  a  well  is  sunk  to  a  depth  of  GO  or  75  feet. 

On  the  Salamonie  moraine  the  wells  range  from  20  feet  up  to  75 
feet  or  more.     They  are  principally  through  till. 

Along  the  Salamonie  River,  and  on  the  plain  west  of  the  river,  wells 
are  seldom  more  than  30  feet  in  depth,  and  are  usually  through  till  to 
the  water  vein  near  the  bottom. 
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HUNTINGTON  COUNTY. 

General  statement — Huntington  County  is  situated  in  northeastern 
Indiana,  west  of  Wells  and  the  southern  portion  of  Allen  County, 
*  and  has  an  area  of  380  square  miles.  Huntington  is  its  county  seat. 
The  greater  part  of  this  county  is  a  smooth,  sloping  plain,  standing 
800  to  900  feet  above  tide.  The  Salamonie  moraine,  which  enters  it 
from  Wells  County  in  the  southeastern  comer,  becomes  scarcely  trace- 
able near  the  center  of  the  county,  and  no  other  moraine  of  promi- 
nence is  found  within  the  limits  of  the  county.  The  valleys  are  small, 
with  one  exception,  that  of  the  lake  outlet,  which  joins  the  Wabash 
at  Huntington.  This  outlet  has  a  depth  of  40  to  75  feet  and  a  breadth 
of  1  to  2  miles  throughout  its  course  in  the  county,  whereas  the 
Wabash,  above  its  junction  with  the  outlet,  and  also  the  Salamonie, 
have  valleys  scarcely  one-eighth  of  a  mile  in  average  width  and  of  less 
depth  than  the  lake  outlet. 

The  elevation  of  the  rock  surface  decreases  gradually  northward 
from  the  southern  boundary  of  the  county  to  the  lake  outlet.  North 
of  the  lake  outlet  it  appears  to  drop  down  rapidly.  The  drift  is  com- 
I)aratively  thin  in  the  portion  of  the  county  south  of  the  outlet,  there 
being  seldom  so  much  as  100  feet  encountered  in  wells.  North  from 
the  outlet  the  thickness  of  drift  is  150  to  200  feet  or  more. 

In  Huntington  County,  as  in  Wells  and  Adams,  the  drift  is  m&inly 
a  compact  till.  Wells  are  obtained  either  in  local  deposits  of  gravel 
and  sand  within  the  till  or  more  extensive  deposits  which  appear  to 
prevail  near  the  base  of  the  drift. 

Individual  wells. — Wells  on  the  plain  north  of  the  Wabash  outlet 
have,  in  a  few  eases,  entered  rock  at  about  140  feet  after  i)enetratiug 
a  nearly  solid  sheet  of  till.  Ordinarily,  the  wells  are  but  50  to  100  feet 
and  encounter  no  rock. 

In  the  city  of  Huntington,  on  the  uplands  bordering  the  lake  out- 
let, wells  are  frequently  obtained  at  about  30  feet  in  gravel  below  till 
Along  the  outlet  they  are  usually  sunk  into  the  limestone,  which  there 
outcrops  quite  extensively.  The  waterworks  wells  are  sunk  into  the 
limestone  to  a  depth  of  about  100  feet.  Although  there  are  11  wells 
in  use,  the  supply  is  insufficient  and  some  water  is  pumped  from  the 
river. 

Above  Huntington,  in  the  vicinity  of  Roanoke,  wells  in  the  old  lake 
outlet  are  often  obtained  without  entering  rock,  at  depths  of  10  to  25 
feet.     One  well  near  Roanoke  enters  rock  at  3G  feet. 

In  the  vicinity  of  New  Lancaster,  on  the  borders  of  the  Salamonie 
River,  gravel  is  more  abundant  than  elsewhere  along  the  valley  and 
wells  often  obtain  water  without  penetrating  till.  Between  New  Lan- 
caster and  Andrews  wells  commonly  penetrate  20  to  40  feet  of  till. 

At  Andrews,  the  wells  are  usually  carried  into  the  limestone  to 
depths  of  60  to  150  feet,  and  occasionaWy  to  on^t:  '^Q^  l^^l.    The  analy- 
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Bis  of  water  from  a  well  in  this  village,  214  feet  in  depth,  is  given  else- 
where.^ The  water  is  shown  to  be  slightly  saline  as  well  as  hard.  It 
also  contains  much  sulphareted  hydrogen. 

In  the  vicinity  of  Warren  several  flowing  wells  have  been  obtained 
in  limestone  on  low  ground  along  the  Salamonie  River  at  a  depth  of 
65  to  100  feet.  The  head  is  sufficient  to  carry  the  water  only  5  or  6 
feet  above  the  surface.    The  water  is  decidedly  chalybeate. 

WABASH   COUNTY. 

Oeneral  statement. — Wabash  County  is  situated  in  the  north-central 
portion  of  the  State,  with  the  city  of  Wabash  as  its  county  seat.  Its 
area  is  430  square  miles.  The  eastern  border  of  the  county  is  occu- 
pied throughout  its  entire  length  by  the  Mississinewa  moraine.  The 
aorthwestern  part  of  the  county  is  occupied  by  the  Erie-Saginaw  inter- 
lobate  moraine,  the  southeast  border  of  that  moraine  being  near  the 
s^alley  of  Eel  River.  The  portion  of  the  county  west  and  south  from 
•hese  moraines  is  a  till  plain.  The  morainic  ridge  on  the  east  border 
•f  the  county,  as  well  as  the  interlobate  moraine,  rises  above  the  800- 
oot  contour,  but  the  greater  part  of  the  plain  in  the  county  falls  below 
00  feet,  and  on  the  immediate  border  of  the  Wabash  scarcely  exceeds 

00  feet.  The  valley  of  the  Wabash  passes  through  the  county  a  little 
)uth  of  the  center.  Occupied  as  it  was  by  the  lake  outlet,  it  is  very 
luch  larger  than  the  other  valleys  of  the  county  and  the  valleys  of 
milar-sized  streams  in  the  newer  drift  area.  The  average  width  is 
illy  1  mile  and  the  depth  50  to  100  feet. 

In  Wabash  County,  as  in  Huntington,  the  general  elevation  of  the 
tck  surface  is  much  higher  south  from  the  Wabash  River  than  it  is 
>rth,  and  as  the  altitude  of  the  northern  portion  is  fully  as  great  as 
lat  of  the  southern,  the  drift  deposits  of  the  northern  portion  are  very 
3avy.  The  drift  of  the  southern  portion  is  about  like  tliat  of  coun- 
es  to  the  east  and  probabl}'  falls  below  an  average  of  100  feet.  The 
rift  in  the  northern  portion  probably  in  places  exceeds  300  feet,  the 
iickness  at  North  Manchester,  in  Eel  River  Valley,  being  274  feet. 

1  the  southern  portion,  however,  there  are  valleys  deeply  filled  with 
rift  that  show  a  rock  surface  about  as  low  as  that  of  the  northern  por- 
on  of  the  county.  Such  a  valley  was  brought  to  light  by  the  boring 
.  Lafontaine  (Ashland  post-office),  where  the  drift  is  found  to  be  300 
let  in  thickness. 

Wabash  County  resembles  the  counties  to  the  east  in  carrying  a 
>mewhat  uniform  sheet  of  compact  till.  The  only  gravelly  districts 
orthy  of  note  are  a  narrow  belt  along  the  borders  of  Eel  River  and 
rraces  in  the  valley  of  the  Wabash. 

Individual  wells. — A  boring  for  natural  gas  at  North  Manchester 
metrates  274  feet  of  drift,  mainly  sand.     The  drift  within  the  limits 
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of  that  village,  however,  varies  considerably.  Several  flowing  wells 
along  Eel  River  valley  penetrate  till  to  a  depth  of  50  to  70  feet,  beneath 
which  is  a  sheet  of  water  with  a  head  sufficient  "j  rise  10  or  12  feet 
al)ove  the  surface.  The  waterworks  supply  is  from  flowing  wells  100 
feet  in  depth.  In  the  higher  portion  of  the  village  wells  are  ordinarily 
obtained  at  30  or  35  feet,  without  i)enetrating  much  till,  but  in  a  few 
instances  they  are  carried  to  depths  of  100  or  115  feet,  largely  through 
till. 

On  the  Mississinewa  moraine,  east  and  southeast  from  North  Man- 
chester, wells  are  often  in  till  to  a  depth  of  100  feet  or  more  before 
obtaining  a  strong  vein  of  water.  One  well,  4  miles  east  of  North 
Manchester  (in  sec.  12,  T.  29,  R.  7  E.),  penetrated  156  feet  of  till. 

On  the  plain  between  Eel  River  and  the  Wabash  and  west  from 
the  Mississinewa  moraine  wells  usually  penetrate  till  to  a  depth  of  30 
or  40  feet  to  obtain  a  strong  vein  of  water.  On  the  north  side  of  Eel 
River,  west  from  North  Manchester,  the  interlobate  moraine  usually 
presents  50  feet  or  more  of  compact  till  at  its  surface,  through  which 
many  wells  have  been  sunk. 

At  Laketon,  in  the  valley  of  Eel  River,  below  North  Manchester,  a 
well  125  feet  in  depth  is  mainly  through  sand.  It  is  thought  by  the 
residents  of  that  village  that  the  sheet  of  sand  passes  northward 
beneath  the  till  of  the  moraine,  but  there  have  been  few  deep  wells 
to  test  the  value  of  this  opinion. 

At  the  city  of  Wabash  wells  are  often  obtained  in  the  valley  at 
depths  of  15  to  25  feet  without  reaching  the  bottom  of  the  gravel.  A 
better  supply  is,  however,  obtained  at  about  100  feet  in  the  limestoue. 
Some  objection  is  offered  to  the  water  from  the  limestone  because  of 
its  extreme  hardness.  For  that  reason  the  waterworks  are  supplied 
largely  from  drift  wells.  The  wells  are  located  in  the  valley  of  Treaty 
Creek,  south  of  the  city,  and  are  overflowing.^  The  depths  range  from 
42  to  55  feet. 

On  the  Mississinewa  moraine,  south  of  the  Wabash,  several  wells 
have  been  put  down  to  depths  of  95  or  100  feet  or  more  through  till 
before  obtaining  an  adequate  supply  of  water,  but  as  a  rule  water 
may  be  obtained  at  less  than  50  feet. 

On  the  plain  west  of  the  Mississinewa  moraine,  in  southern  Wabash 
County,  till  is  usually  penetrated  to  a  depth  of  25  to  40  feet  or  more. 

At  Lafontaine,  in  the  south  part  of  the  county,  the  gas  boring  i)en- 
etrates  300  feet  of  drift,  but  rock  outcrops  within  a  short  distance, 
both  above  and  below  Lafontaine,  in  the  bluffs  of  the  Mississinewa 
River.  Wells  are  usually  obtained  at  Lafontaine  and  at  other  points 
along  the  Mississinewa,  in  the  southern  part  of  the  county,  at  depths 
of  25  or  35  feet.  Gas  borings  in  the  vicinity  of  Somerset,  in  the  south- 
west corner  of  the  county,  show  the  drift  to  have  a  thickness  ranging 
from  35  up  to  about  100  fee^  the  lower  portion  of  which  is  a  water- 
bearing  sand  or  gravel. 
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Q  the  Seventeenth  Report  of  the  Indiana  Geological  Snnrey  many 
ordfl  of  wells  are  published  which  have  a  depth  of  only  10  to  4b 
t.  "With  these  are  occasional  records  of  deeper  wells.  One  near 
w  Madison  (sec.  11,  T.  29,  R.  7  E.),  207  feet  in  depth,  strikes  lime- 
tie  at  181  feet.  It  penetrates  till  160  feet,  below  which  is  21  feet  of 
d.  Two  other  wells  in  section  26  of  the  same  township  penetrate  a 
ilar  amount  of  till,  and  obtain  water  in  sand  or  gravel  at  164  and 
feet  without  entering  rock. 

t  is  stated  that  wells  occasionally  enter  rock  at  70  or  75  feet  on 
ms  5  miles  north  of  Lagro,  but  a  well  in  that  vicinity,  on  the  farm 
Christopher  Speicher,  strikes  no  rock  at  a  depth  of  156  feet.  It  is 
inly  through  blue  till,  there  being  a  thin  bed  of  gravel  at  80  to  84 
b  and  another  at  150  to  156  feet. 

Records  of  two  deep  wells  in  the  southwest  township  of  the  county 
rei>orted  as  follows:  On  farm  of  Jacob  Thomas,  depth  64  feet, 
except  4  feet  of  water-bearing  gravel  at  bottom;  on  farm  of  L. 
kggoner,  depth  96  feet,  till  80  feet,  below  which  are  alternations  of 
vel,  sand,  and  blue  mud,  to  a  limestone  at  bottom. 
>TL  the  farm  of  John  H.  Pefiey,  near  the  south  bluff  of  the  Wabash 
''er,  in  sec.  18,  T.  27,  R.  8  E.,  a  well  62  feet  in  depth  is  reported  to 
'e  barometric  properties  of  a  marked  character,  there  being  an 
iish  of  air  in  fair  weather  and  an  escape  of  air  in  foul  weather.  A 
istle,  made  of  two  convex  disks  with  a  hole  in  the  center,  attached 
i  gas  pipe  screwed  into  the  base  plate  of  the  pump  may  be  heard 
^uently  at  the  distance  of  one-half  mile,  and  makes  apparent  the 
3e  of  the  current  of  air.  It  is  probable  that  air  spaces  in  the  sand 
)r  a  medium  for  the  inflow  of  air  to  correspond  with  the  changes 
itmosphere  outside  the  well.    The  section  of  the  well  is  as  follows: 

Feot. 

oiland  yellow  clay  -1 7 

Andy  blue  clay 34 

flne  hardpan  clay H 

)ry  sand 8 

•andy  blue  hardpan 12 

Vater-bearlng  blue  hardpan 9i 

Total 62 

MIAMI  COUNTY. 

Ifeneral  statement. — Miami  County  is  situated  in  the  north-central 
t  of  the  State,  immediately  west  of  Wabash  County,  with  Peru 
its  county  seat.  Its  area  is  3G0  square  miles.  The  broad  Wabash 
lley  traverses  it  nearly  centrally  from  east  to  west  and,  as  in 
kbash  County,  separates  a  district  of  thin  drift  on  the  south  from 
)  of  thick  drift  on  the  north.  The  northern  portion  is  even  more 
(rated  than  the  southern,  but  the  rock  surface  is  much  lower  in  the 
mer  district     The  portion  of  the  county  BO\xt>\iol  \3aft^^towS5iN& 
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nearly  all  plane  surfaced,  and  so,  also,  is  much  of  the  district  between 
the  Wabash  and  Eel  rivers.  That  north  of  Eel  River  is  strongly 
morainic,  and  embraces  part  of  the  large  Erie  moraine,  which,  with 
the  Maxinkuckee  moraine  of  the  Saginaw  lobe,  forms  the  interlobate 
moraine  of  northeastern  Indiana  and  southeastern  Michigan.  The 
drift  is  composed  largely  of  till  in  the  plains,  but  in  the  moraines 
there  are  knolls  of  gravel  and  sand  associated  with  the  till  knolls,  ss 
well  as  extensive  deposits  of  sand  and  gravel  in  the  deeper  portion  of 
the  drift. 

Individual  weUs. — A  gas  boring  2^  miles  north  of  Peru  penetrates 
318  feet  of  drift,  a  large  part  of  which  is  water-bearing  sand  and 
gravel.  Neighboring  wells  for  water  usually  obtain  an  abundant  sup- 
ply after  penetrating  till  30  to  40  feet.  One  well,  however,  in  sec.  29, 
T.  28,  R.  5  E.,  penetrated  90  feet  of  till  before  obtaining  water. 

In  the  city  of  Peru  there  are  few  wells  drilled  into  rock,  although 
there  are  numerous  rock  outcrops  in  the  vicinity  of  the  city.  The 
average  depth  of  the  wells  is  about  30  feet,  with  a  range  from  15 
up  to  60  feet.  They  penetrate  either  a  loose  alluvial  deposit  before 
entering  gravel  and  sand  or  pass  immediately  into  gravel  and  sand. 
There  is,  therefore,  a  liability  of  contamination  of  the  water  from 
cesspools  or  other  sources.  The  city  water  supply  is  pumped  from 
the  Wabash  River. 

At  Bunker  Hill  a  sheet  of  till  25  to  40  feet  in  thickness  is  usually 
passed  through  before  water-bearing  sand  or  gravel  is  reached.  In 
one  of  the  gas  wells  at  Bunker  Hill  the  drift  was  68  feet,  in  another 
84  feet;  in  both  the  lower  half  was  largely  sand  and  gravel. 

A  gas  boring  east  of  Bunker  Hill,  in  sec.  21,  T.  26,  R.  5  E.,  at  an 
altitude  of  175  feet  above  the  Wabash  at  Peru,  penetrates  60  feet  of 
drift,  of  which  54  feet  is  till  and  the  lower  6  feet  gravel. 

At  Amboy  the  wells  penetrate  about  15  feet  of  till,  beneath  which 
is  a  water-bearing  gravel  extending  to  the  rock.  In  that  vicinity 
rock  is  struck  at  35  to  50  feet. 

At  Xenia  (Converse  post-office)  the  dug  wells  are  10  to  20  feet  in 
depth,  in  gravel  beneath  a  sheet  of  till.  The  drift  in  that  vicinity  is 
variable  in  depth,  ranging  from  25  up  to  100  feet  or  more  in  thickness. 
A  few  wells  are  drilled  into  the  rock  to  depths  ranging  from  100  to 
400  feet.  From  the  deep  wells  the  head  is  sufficient  to  bring  to  the 
surface  water  which  is  reported  to  be  of  excellent  quality. 

In  the  southwestern  part  of  the  county  wells  are  often  50  to  70  feet 
through  till,  though  shallower  wells  are  usually  obtained. 

A  well  at  Denver,  in  the  northern  part  of  the  county,  is  noted  by 
Mr.  Gorby,*  which  penetrates  125  feet  of  sand  and  gravel  and  reaches 
no  rock. 


^  Sixteenth  Ann.  Rept.  Indiana  Gheol.  Survey,  p.  178. 
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CASS  COUNTY. 

Chnerai  statement. — Cass  County  is  situated  in  the  north-central 
part  of  the  State,  the  city  of  Logansport  being  its  county  seat.  Its 
area  is  420  square  miles.  The  valley  of  the  Wabash  traverses  it  nearly 
oentrally  from  east  to  west.  The  portion  south  of  the  Wabash  is 
a  oomimratively  smooth  till  plain.  The  portion  north  of  the  Wabash 
is  largely  morainic,  though  there  is  a  plain  in  the  extreme  northwest 
comer  of  the  county.  There  is  not  the  conspicuous  descent  of  the 
rock  surface  from  south  to  north  that  appeard  in  the  three  counties 
along  the  Wabash  east  from  this  county.  In  the  immediate  vicinity 
of  the  Wabash  the  drift  is  thin,  but  on  the  upland,  both  north  and 
south  of  the  river,  a  thickness  of  75  to  100  feet  or  more  is  found.  The 
drift  is  very  largely  till,  as  in  counties  to  the  east. 

Individtud  wells. — At  Royal  Center,  in  the  northwest  part  of  the 
county,  the  oil-well  borings  enter  rock  at  about  110  feet.  The  water 
wells  are  about  40  feet,  though  having  a  range  from  15  up  to  110  feet. 
They  usually  penetrate  the  following  series: 

Feet. 

1.  Surface  clay 4to6 

2.  Gravel 6 

8.  Blue  till,  extending  to  the  water-bearing  gravel 40 

Total... 60 

At  Logansport  wells  range  in  depth  from  12  to  80  feet,  but  the 
majority  are  about  40  feet.  The  rock  surface  being  uneven,  wells  in 
some  cases  reach  a  depth  of  40  feet  in  drift,  while  in  others  they  enter 
limestone  at  10  or  20  feet.  The  drift  in  this  city  being  composed 
mainly  of  gravel  and  the  water  surface  being  but  a  few  feet  below 
the  well  mouth,  there  is  much  danger  of  contamination.  The  city 
waterworks  obtain  the  supply  in  part  from  springs  and  in  part  from 
Eel  River. 

On  the  Wabash  bluff,  south  from  Logansport,  wells  are  about  40  feet 
in  depth,  the  upper  half  being  through  till  and  the  lower  in  gravel. 

A  well  on  the  north  bluff  of  Wabash  River,  near  Logansport,  sec. 
27,  T.  27,  R.  2  E.,  was  largely  through  sand  and  gravel  to  a  depth  of 
90  feet,  and  struck  wood  and  leaves  near  the  bottom. 

In  the  vicinity  of  Lake  Cicott,  in  the  western  part  of  the  county, 
there  are  sand  deposits  on  the  north  bluff  of  the  Wabash  which  in 
some  cases  afford  water  for  wells  at  a  depth  of  15  feet.  Wells  usually, 
however,  penetrate  the  underlying  till. 

At  Walton,  in  the  southeastern  part  of  the  county,  the  drift  is  about 
80  feet,  and  is  largely  till.  At  Galveston  the  drift  in  a  valley  20  feet 
or  more  below  the  level  of  the  railway  station  is  shown  by  a  gas  bor- 
ing to  be  41  feet  in  thickness.  The  lower  portion  contains  much 
water. 
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WHITE  COUNTY. 

General  siafemenf. — White  County  is  situated  in  the  northwestern 
I>art  of  the  State,  immediately  west  of  Cass  County,  its  county  seal 
being  Montieello.  It  has  an  area  of  5<X)  square  miles.  With  tbe 
exception  of  a  few  drift  ridges  in  its  southern  portion  and  occasional 
sand  ridges  in  its  northern  portion,  it  has  a  plane  surface.  The  drift 
ridges  are  most  conspicuous  immediately  east  of  Chalmers.  It  is  at 
this  point  that  the  large  Erie  moraine,  which  has  been  referred  to  as 
occupying  the  northern  portion  of  Miami  and  Cass  counties,  makes 
a  curve  to  the  south.  A  smaller  and  i>erhaps  older  moraine,  formed 
probably  by  the  Saginaw  lobe,  leads  f  n>m  near  Chalmers  westwaid 
through  White  and  Benton  counties.  The  Tippecanoe  valley  in  its 
course  across  White  County  deepens  from  a  comparatively  shallow 
ditch  near  the  north  border  of  the  countv  to  a  trench  75  or  100  feet  in 
depth  at  the  south.  Its  breadth  is  but  a  few  rods  greater  than  the 
stream,  and  is  in  strong  contrast  with  the  large  valley  of  the  Wabash, 
into  which  it  discharges. 

The  drift  in  the  northwestern  portion  of  this  county,  like  that  of 
adjacent  portions  of  Pulaski  and  Jasper  counties,  is  very  thin,  and 
the  majority  of  wells  enter  rock  at  10  to  20  feet,  or  even  less.  In 
the  southeastern  portion  of  the  county  there  is  a  heavy  deposit  of 
drift,  200  feet  or  more  in  thickness.  * 

Individual  tveUs. — At  Monon,  in  the  north  part  of  the  county,  rock 
is  entered  at  from  3  to  30  feet.  Wells  are  usually  about  40  feet, 
though  they  range  from  20  to  200  feet  in  depth.  The  limestone  from 
which  the  water  is  obtained  contains  a  sufficient  amount  of  iron 
pyrites  to  affect  the  water  appreciably,  though  not  sufficient  to  render 
it  unfit  for  drinking. 

At  Montieello,  the  county  seat,  wells  are  usually  obtained  at  20  or 
30  feet,  in  gravel  below  till.  Tubular  wells  are  somewhat  deeper,  the 
deepest  being  about  140  feet.  The  city  water  supply  comes  from  a 
large  well  of  moderate  depth,  but  thought  to  be  beyond  the  reach  of 
surface  contamination.  The  gas-well  boring  at  this  place  penetrated 
205  feet  of  drift,  largely  till. 

At  Reynolds,  in  the  central  portion  of  the  county,  there  are  a  series 
of  sand  ridges,  in  which  water  is  often  obtained  at  a  depth  of  15  or  20 
feet,  or  even  less.  Tubular  wells  reach  a  depth  of  75  to  120  feet  with- 
out entering  rock.  One  of  the  tubular  wells,  at  Mr.  Van  Voorst's,  56 
feet  in  depth,  is  reported  to  have  entered  a  black  muck  at  the  base  of 
the  sand,  about  .'^0  feet  from  the  surface,  G  or  7  feet  in  thickness, 
beneath  which  is  a  blue  clay  about  15  feet  thick,  extending  to  the 
water-bearing  gravel  at  bottom.  A  well  opposite  the  post-office  found 
a  similar  muck  at  the  bottom  of  the  sand  at  20  feet,  and  entered  gravel 
beneath  it  at  25  feet.  Wells  not  infrequently  (Micounter  muck  below 
tlie  tuind  in  this  region.     A  well  in  Wie  e>o\\\\\  vvvcV  ol  ^^^-i^jcilda^  120 
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feet  in  depth,  enoonntered  either  a  bowlder  or  a  rock  ledge,  which 
prevented  further  boring. 

Among  the  deepest  wells  in  the  county  is  William  Owen's,  about  6 
miles  southwest  of  Reynolds,  190  feet  in  depth.  It  entered  rock  at  30 
feet  Inflammable  gas  was  found  at  about  145  feet.  Wells  in  that 
vicinity  often  strike  rock  at  20  or  30  feet.  The  thick  drift  seems  to 
set  in  immediately  east  from  a  line  running  south  from  Reynolds 
through  Chalmers.  In  Chalmers  rock  is  struck  at  about  90  feet,  but 
at  Albert  Gk)sley's,  1^  miles  east  of  Chalmers,  no  rock  was  found  at 
150  feet;  and  a  well  at  J.  N.  Bunnell's,  a  mile  southeast  of  Reynolds, 
strikes  no  rock  at  160  feet. 

On  the  drift  ridge  west  from  Chalmers  rock  is  usually  struck  at  75 
or  80  feet.  On  the  plain  north  of  the  ridge  it  is  struck  at  20  to  40 
feet.  On  the  south  slope  of  the  ridge,  in  sec.  5,  T.  25,  R.  5  W.,  rock 
is  struck  at  54  feet  and  water  obtained  at  75  feet.  One  well,  however, 
on  the  moraine  near  the  west  line  of  the  county,  failed  to  reach  rock 
at  113  feet.  The  drift,  both  on  the  plain  and  in  the  morainic  ridges 
in  the  southern  part  of  White  County,  appears  to  be  mainly  tilL 

BENTON  COUNTY. 

Oeneral  statement, — Benton  County  is  situated  on  the  western  bor- 
der of  the  State,  immediately  south  of  Newton  and  Jasper  counties 
and  west  from  White  County.  It  has  an  area  of  503  square  miles,  and 
the  village  of  Fowler  is  its  county  seat. 

This  county  is  occupied  by  several  somewhat  prominent  drift  ridges, 
[n  the  north  tier  of  townships  there  is  a  sharp  drift  ridge,  scarcely  a 
mile  in  average  width,  but  25  to  75  feet  in  height,  passing  entirely 
across  the  county  and  forming  the  south  border  of  a  plain  which  is 
irained  by  the  Iroquois  River.  A  few  miles  farther  south  a  promi- 
nent ridge  enters  Benton  County  from  the  west  and  passes  eastward, 
bearing  slightly  north,  to  the  village  of  Fowler,  where  it  abruptly  ter- 
minates. This  ridge  has  a  breadth  of  3  or  4  miles  and  a  relief  of  60 
bo  75  feet  or  more  above  bordering  plains.  On  the  south  border  of 
the  county  is  a  third  ridge,  which  passes  eastward  to  the  vicinity  of 
Oxford,  where  it  swings  abruptly  to  the  north  and  terminates  imme- 
diately east  of  Fowler.  This  ridge  has  about  the  same  breadth  as  the 
Dne  north  of  it,  but  scarcely  so  great  relief.  Aside  from  the  three  main 
ridges  just  mentioned,  there  are,  northwest  from  Fowler,  a  series  of 
sharp  drift  knolls,  25  to  50  feet  in  height,  filling  a  portion  of  the  plain 
between  the  north  and  middle  ridges.  Notwithstanding  the  occur- 
rence of  several  prominent  ridges,  the  general  elevation  of  the  county 
is  remarkably  uniform,  the  variations  in  elevation  being  about  that 
of  the  relief  of  the  ridges.  Nearly  the  entire  county  lies  between  the 
contours  of  700  and  800  feet  above  tide.  A  point  near  Fowler,  on  a 
sharp  gravel  knoll,  reaches  857  feet,  said  to  be  the  highest  in  the 
county. 


/  - 
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Tlie  thicknesB  of  the  drift  in  this  oountyis  found  to  be  verygreal 
in  the  sonthem  and  western  portions,  in  one  place  exceeding  400 
feet.  Bnt  in  the  northern  and  eastern  portions  of  the  connty,  includ- 
ing nearly  half  its  area,  the  drift  is  seldom  found  to  exceed  100  feet 
The  snrfaoe  portion  of  the  drift  appears  to  be  generally  a  oompad; 
till,  bnt  the  deeper  portions,  so  far  as  tested  by  well  borings,  consist 
mainly  of  sand  and  graveL 

Individual  ireUs. — ^The  following  list  of  well  sections  indndes  sev- 
eral which  have  already  been  published,*  bnt  the  minority  were  per- 
sonaUv  obtained  from  well  drillers  or  owners  of  wells. 

The  drift  in  northwestern  Benton  Gonnty,  north  from  Sugar  Creek, 
is  shown  by  several  wells  to  be  a  compact  till  to  considerable  depth, 
but  along  Sugar  Creek  and  on  the  plain  to  the  south  much  sand  is 
encountered. 

At  Earl  Park  a  well,  bored  by  P.  M.  Crane,  penetrates — 

Fell 

1.  SoQ  and  jeUow  tm 18 

2.  Blue  till 40 

5.  Fine  grmy  qvicksaiid 20 

4.  Bine  tin 12 

6.  Limestone 13 

Total KB 

The  water  supply  is  from  the  limestone.  At  Raub's  warehouse,  in 
Earl  Park,  limestone  was  struck  at  SO  feet,  and  water  obtained  at  110 
feet.  The  drift  was  entirely  tilL  Rock  is  quarried  on  Sugar  CreelL^ 
1  mile  north  of  Earl  Park,  on  ground  but  40  to  50  feet  lower. 

In  seo.  1,  T.  26,  R.  9  W.,  near  the  north  line  of  the  county,  Mr. 
Sohlautenhofer  has  a  well  lOS  feet  in  depth,  which  obtained  water 
at  that  depth  l>eneath  a  l>ed  of  dark  material  thought  to  be  coal 
Shale  was  struck  at  7»>  feet. 

In  sei\  7,  T.  2t>,  R.  8  W.,  a  well  1C»9  feet  in  depth  has  the  following 
section: 

FeeL 

1.  Soil  and  j«llow  cIav 6 

2.  Blueclay,.. ] _ 41 

3.  Sand 2 

4.  Blue  olay 57 

Total IW 

Other  wells  on  the  same  sivtion  arv  obtained  at  35  or  40  feet  in  a 
bed  of  gravel  Wnoath  the  blue  clay. 

On  Mr.  Rauh's  farm,  -^  miles  east  of  Earl  Park,  water  is  obtained  in 
limestone  at  tv4  t\vt.     The  drift,  iX>  feet,  is  entirely  till. 

On  the  orvst  of  the  north  drift  ridgw  in  seo.  ei\  T.  26,  R.  7  W.,  Mr. 
J.  W.  Swan  has  a  well  1 1»»  ftvt  in  depth,  whioli  is  thought  to  have  struck 
sandstone  at  82  feet,  though  it  is  rvjx^rteil  lO  obtain  water  from  gravel 

>  Fifteenth  JUuk.  Rei^t.  lcd:Aa»  ^feoL  S:irr*»y.  j.p.  SLIS-C^SUl 
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at  the  bottom.  The  drift  was  till  to  a  depth  of  75  feet.  Another  well, 
only  150  yards  distant,  penetrated  till  to  a  depth  of  82  feet  without 
entering  rock.  On  the  south  slope  of  the  moraine  Mr.  Swan  made  a 
weU  which  obtained  water  beneath  the  till  at  25  to  27  feet.  Another 
weU  on  the  south  slope  penetrated  beds  as  follows: 

Feet 

1.  Tin 21 

2.  Cemented  gravel 10 

8.  Water  gravel 8 

Total 84 

Two  miles  east  from  Mr.  Swan's,  in  the  western  edge  of  Gilboa 
Township,  a  well  on  the  moraine  strikes  rock  at  173  feet.  It  is 
rex)orted  to  be  mainly  blue  till  with  occasional  beds  of  sand.  Water 
was  obtained  at  a  depth  of  196  feet.  There  is  a  quarry  on  Pine  Creek, 
just  south  of  this  moraine,  in  sec.  28,  T.  26,  R.  7  W.,  at  an  elevation 
perhaps  75  feet  lower  than  the  well  mouth.  The  rock  surface,  there- 
fore, varies  about  100  feet  in  elevation. 

In  the  eastern  part  of  the  county  several  wells  enter  rock  at  50  feet 
or  less,  and  there  is  a  quarry  on  Pine  Creek  just  north  of  the  village 
of  Aydelott. 

A  weU  near  the  northern  terminus  of  the  southernmost  of  the  three 
ridges  above  mentioned,  in  sec.  15,  T.  25,  R.  7  W.,  enters  rock  at  55 
feet  and  obtains  water  at  60  feet.  Another  well,  in  sec.  10  of  the 
same  township,  85  feet  in  depth,  enters  rock  at  72  feet.  In  both  wells 
the  drift  is  a  compact  blue  till. 

At  Fowler  the  waterworks'  supply  is  obtained  from  wells  about  175 
feet  in  depth.  They  enter  rock  at  130  feet.  The  water  rises  within 
25  feet  of  the  surface  and  the  wells  are  estimated  to  yield  150  gallons 
per  minute.  Several  other  deep  wells  have  been  made  in  Fowler  and 
vicinity,  which  show  a  considerable  variation  in  the  elevation  of  the 
rock  surface.  A  well  at  Mr.  Van  Nata's,  in  the  west  edge  of  the  vil- 
lage, enters  rock  at  91  feet,  after  penetrating  a  nearly  solid  bed  of  till. 
A  neighboring  well,  bored  by  Mr.  Fowler,  only  300  yards  distant, 
reached  a  depth  of  150  feet  without  encountering  rock.  In  this  well 
the  upper  100  feet  is  till,  below  which  is  gravel  and  sand.  The  well 
at  the  post-ofSce  in  Fowler  strikes  no  rock  at  160  feet.  The  drift  is 
rejwrted  to  be  mainly  sand.  At  the  Tremont  Hotel  a  well  104  feet  in 
depth  strikes  no  rock  and  is  mainly  through  sand.  The  gas- well  bor- 
ing in  Fowler,  one-fourth  mile  north  of  the  railway  station,  strikes 
rock  at  158  feet.  In  all  these  wells  the  surface  altitude  is  very  uni- 
form, there  being  scarcely  10  feet  variation.  Wells  for  a  short  dis- 
tance north  and  east  of  Fowler  are  obtained  at  20  to  30  feet  in  sand 
and  gravel  below  till. 

On  the  farm  of  Mrs.  Sumner,  at  Sugar  Grove,  6  miles  southwest  of 
Earl  Park,  rock  is  struck  at  41  feet  and  water  obtained  at  47  feet. 

A  few  miles  southwest  of  Fowler,  on  the  middle  dxi&  xvd^  ti<^\»^ 
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above,  several  deep  wells  have  been  made.  Mr.  William  Bemiett^ 
sec.  33,  T.  25,  R.  9  W.,  has  had  several  wells  sunk  to  a  depth  of  abool 
150  feet,  and  one  to  a  depth  of  264  feet,  without  reaching  rock. 
The  drift  is  mainly  till  to  a  depth  of  150  feet,  below  which  is  sand. 
The  following  section  is  from  the  well  at  Mr.  Bennett's  residence: 

FiBSt 

1.  Soil  and  yellow  till 30 

2.  Bluetill   27 

8.  Hard  gray  till 13 

4.  Greenish-gray  till 81 

5.  Fine  gravel 4 

6.  Greenish  till 18 

7.  Ck)ai8e  gravel,  with  water 8 

Total 170 

A  well  at  Lawrence  Broes's,  sec.  4,  T.  24,  R.  9  W.,  260  feet  in  depth 
encounters  no  rock,  and  has  a  section  similar  to  Mr.  Bennett's.  A 
well  3  miles  north  of  Ambia,  on  the  crest  of  the  moraine,  penetrates— 

Feet 

1.  Yellowtill 14 

2.  BluetUl 80 

8.  Fine,  dry  sand 30 

4.  Bine  till 46 

5.  Ghravel,  with  water lto2 

Depth  to  water 180 

At  John  Shilling's,  4  miles  northeast  of  Ambia,  near  sonth  border 
of  the  moraine,  a  well  114  feet  in  depth  penetrates — 

Feet 

1.  Soil  and  sand 38 

2.  Bluetill 50 

8.  Quicksand _ 16 

4.  Bluetm 90 

Gravel  at  bottom. 

Total .  114 

Wells  along  the  south  border  of  the  middle  ridge  are  usually 
obtained  at  shallow  depths,  but  occasionally  reach  a  depth  of  50  to  65 
feet.  Thej'  often  encounter  sand  and  gravel  near  the  surface.  Thus, 
at  James  Siddon's  well,  about  2  miles  north  of  Talbot,  the  drift  is 
mainly  sand  to  a  depth  of  24  feet,  below  which  there  is  a  bed  of  blue 
till  40  feet  in  thickness,  water  being  obtained  in  gravel  at  65  feet. 
Another  illustration  is  found  in  the  well  at  Mr.  A.  K.  Dill's,  3  miles 
north  of  Boswell.  This  well  penetrates  a  loose  gravel  18  feet,  below 
which  is  a  thin  bed  of  blue  clav,  which  in  turu  is  underlain  bv  a 
cementf^d  gravel  40  to  45  feet  in  thickness,  extending  to  the  water 
gravel  at  05  feet. 

In  the  southern  tier  of  townships  several  borings  have  been  made 
which  show  3(X)  to  400  feet  of  drift.  At  Otterbein,  however,  a  boring 
212  feet  in  depth  strikes  rock  at  132  feet,  and  about  5  miles  north  of 
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[Otterbein  rook  is  stmok  at  80  feet.    Among  the  borings  showing  a 
ihige  amount  of  drift  are  the  following: 

:    W.  J.  Templeton's  boring  for  artesian  water,  about  three-fourths 

[  of  a  mile  northeast  of  Templeton,  reached  a  depth  of  300  feet  without 

[  entering  rock.     The  drift  is  mainly  till,  but  sand  in  its  lower  part 

J  fornishes  water,  which  rises  nearly  to  the  surface,  675  feet  above  tide. 

A  boring  by  W.  J.  and  L.  Templeton,  on  their  farm  in  sec.  32,  T.  24, 

R.  8  W.,  about  5  miles  southwest  of  Oxford,  made  with  a  \iew  to 

obtaining  coal,  penetrated  372  feet  of  drift,  as  follows: 

Feet. 

L  YeUowtill 13 

IBluetiU 115 

t  Cemented  gravel 25 

4,  Yellow  till  and  gravel i  110 

5.  Black  material,  called  shale 10 

•.  Clay  and  sand 100 

Total 872 

The  well  was  continued  to  a  depth  of  537  feet,  or  105  feet  into  the 
rock,  which  is  mainly  limestone. 

A  boring  for  gas  on  Joseph  Atkinson's  farm,  about  1  mile  east  of 
the  Templeton  well,  penetrated  410  feet  of  drift.  A  small  amount  of 
gas  was  found  in  the  drift  at  a  depth  of  40  feet. 

A  well  in  the  village  of  Talbot,  310  feet  in  depth,  strikes  no  rock; 
the  upper  60  feet  is  till,  the  remainder  mainly  sand. 

In  addition  to  the  borings  showing  a  very  deep  drift  there  are  sev- 
eral others  worthy  of  note  in  this  southern  tier  of  townships.  A  well 
made  by  W.  J.  Templeton,  2  miles  east  of  Templeton,  177  feet  in 
depth,  penetrates — 

Feet. 

1.  Yellow  till 12 

2.  Blue  till,  with  thin  sand  beds 75 

3.  Cemented  gravel 20 

^  Yellow  clay  and  sand 70 

Total 177 

J.  D.  Stengle's  well  at  Templeton  i)enetrates  60  feet  of  till,  beneath 
^hich  is  water-bearing  sand.  Deoth  of  well  80  feet.  A  well  2  miles 
south  of  Boswell  penetrates — 

Feet 

1.  YeUowtill.  13 

2.  Blue  till 34 

3.  Qnicksand 20 

i.  Gravel 06 

Total 133 

A  well  on  Samuel  Dove's  farm,  immediately  east  of  Boswell,  185  feet 
n  depth,  strikes  no  rock. 

At  the  several  villages  along  the  Lake  Erie  and  Western  Railroad 
irells  are  usually  obtained  at  20  feet  or  less,  but,  as  indicated  above, 

IBB  21 5 
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occasional  wells  are  much  deeper.  Many  wells  in  Templeton  obtain 
water  at  20  or  30  feet.  They  enter  blue  till  at  about  6  or  8  feet. 
At  Oxford  wells  are  usually  but  14  to  20  feet  in  depth,  though  occa- 
sionally 80  or  90  feet.  In  the  east  part  of  the  village  a  flowing  well 
has  been  obtained  at  a  depth  of  55  feet.  It  has  a  head  about  5  feet 
above  the  surface.  The  water  is  strongly  chalybeate.  At  Ambia, 
records  of  two  wells  were  obtained  which  slightly  exceed  100  feet  in 
depth.     They  are  mainly  through  blue  till. 

WARREN  COUNTY. 

Oeneral  statement. — Warren  County  is  situated  on  the  west  border 
of  the  State,  immediately  nprth  of  the  Wabash  River,  with  Williams- 
port  as  its  county  seat.     It  has  an  area  of  360  square  miles. 

Like  Benton  County,  which  borders  it  on  the  north,  this  county  is 
traversed  by  several  conspicuous  ridges  of  drift.     Along  its  northern 
border  is  the  southernmost  of  the  ridges  described  in  the  account  of 
Benton  County.     It  has  a  breadth  of  2  or  3  miles  and  a  relief  above 
the  plain  on  the  south  of  40  to  50  feet  or  more.     A  few  miles  south- 
east of  this  ridge  is  a  larger  one,  which  enters  the  State  near  State 
Line  village,  passes  northeastward  nearly  to  Williamsport,  and  there 
turns  north  along  the  west  side  of  Pine  Creek.     This  ridge  is  3  to  6 
miles  in  width  and  has  a  relief  of  30  to  60  feet  or  more  above  bo^de^ 
ing  plains  on  the  north  and  south.     East  from  Pine  Creek  are  two 
ridges  trending  f rdin  northwest  to  southeast,  extending  from  the  val- 
ley of  the  creek  to  the  valley  of  the  Wabash,  a  distance  of  8  or  10 
miles.     They  are  each  a  mile  or  more  in  width,  and  stand  30  or  40  feet 
above  the   bordering   plains.      The  narrow  plain  between   them  is 
scarcely  1  mile  in  average  width.     The  extreme  northeastern  part  of 
the  county  is  a  plain.     It  is  estimated  that  fully  one-half  the  area  of 
the  county  is  occupied  by  the  drift  ridges. 

The  surface  portion  of  the  drift  throughout  the  county  is  usually  a 
compact  till,  though  the  portion  east  from  Pine  Creek  becomes  gravelly 
in  limited  areas.  Along  the  Wabash  there  are  conspicuous  gravel 
terraces  below  Williamsport.  Above  that  city  the  valley  is  too  nar- 
row for  extensive  development  of  terraces.  The  narrowness  is  due 
to  the  resistant  rock  strata  in  which  the  stream  has  cut  its  passage. 
It  is,  however,  seldom  less  than  one-half  mile  in  width. 

For  some  distance  north  from  the  Wabash,  unless  it  be  at  the  extreme 
eastern  border  of  the  county,  rock  is  encountered  at  comparatively 
slight  depth,  seldom  more  than  100  feet;  but  along  the  northern  border 
of  the  county  it  is  probable  that  the  drift,  like  that  of  the  adjoining 
portion  of  Benton  County,  is  300  to  400  feet  or  more  in  thickness. 

Individual  wells. — But  few  well  records  have  been  obtained  in  this 
county,  owing  partly  to  the  fact  that  wells  are  generally  obtained  at 
comparaMvely  slight  depth. 
At  Williamsport,  the  county  8eai,Nve\\s  vavvj  ^y^^VV^- yw. ^^^t\i^  there 
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'being  a  range  from  14  feet  up  to  about  100  feet.  In  a  i)ortion  of  the 
city  rook  is  stmok  at  10  to  15  feet,  but  there  are  places  where  the 
drift  attains  a  thickness  of  85  feet.  A  boring  for  gas  at  this  city  1,540 
feet  in  depth  found  fresh  water  at  a  depth  of  65  feet  in  great  quan- 
tity; also  at  about  165  feet.  From  the  latter  depth  water  rises  within 
32  feet  of  the  surface.  Salt  water  was  struck  at  about  1,200  feet. 
Gas  not  being  obtained,  the  salt  water  was  shut  off,  and  the  fresh 
water  is  thus  available  for  water  supply.  The  well  is  estimated  to 
yield  20  gallons  per  minute. 

On  the  Wabash  terrace  below  Williamsi)ort,  which  stands  about 
100  to  110  feet  above  the  river,  several  wells  have  been  sunk  to  the 
level  of  low  water  in  the  river.  They  are  through  gravel  or  sand 
their  entire  depth.  The  water  rises  and  falls  with  the  rise  and  fkll 
of  the  river. 

A  boring  for  coal  at  West  Lebanon  penetrated  a  soil  containing 
wood  and  leaves  beneath  the  blue  till  at  a  depth  of  140  feet.  Bock 
was  entered  a  short  distance  beneath  this  soil.  About  a  mile  south- 
east from  West  Lebanon,  on  ground  nearly  100  feet  higher,  rock  is 
struck  at  a  depth  of  only  60  feet. 

TIPPECANOE  COUNTY. 

Oenercd  statement, — ^Tippecanoe  County  is  situated  somewhat  north 
of  the  middle  of  the  western  part  of  the  State,  with  Lafayette,  the 
•county  seat,  near  its  geographic  center.  It  has  an  area  of  500  square 
miles.  The  greater  part  of  the  surface  is  plain  or  but  gently  undu- 
lating. There  are,  however,  in  the  southern  half  a  number  of  sharp 
gravelly  knolls  and  ridges,  which  in  places  constitute  a  nearly  con- 
tinuous belt.  The  most  conspicuous  one,  known  as  High  Gap  Ridge, 
leads  from  Culver  Station  westward  past  Taylor  and  West  Point  to 
the  vicinity  of  the  Fountain  County  line.  It  is,  however,  less  than  a 
mile  in  width,  and  the  height  of  the  ridges  and  knolls  seldom  exceeds 
50  feet.  The  most  conspicuous  topographic  feature  of  the  county  is 
the  troughlike  valley  traversed  by  the  Wabash  River.  The  valley 
proper  has  a  depth  of  more  than  100  feet.  From  its  borders  there  is 
a  gradual  rise  both  to  the  northwest  and  southeast — to  an  altitude  in 
the  northwest  more  than  200  feet  above  the  river,  and  in  the  south- 
east to  fully  300  feet. 

With  the  exception  of  the  sharp  gravelly  knolls  referred  to  above, 
the  surface  portion  of  the  drift  is  composed  largely  of  compact  till. 
The  wells  of  the  county  usually  find  water  at  convenient  depths,  sel- 
dom penetrating  so  much  as  80  feet.  The  lower  portion  of  the  drift, 
so  far  as  tested  by  deep  borings  and  by  ex^wsures  along  the  Wabash 
and  its  tributaries,  is  largely  sand  and  gravel. 

The  thickness  of  the  drift  varies  greatly,  partly  because  of  differ- 
ence in  surface  elevation,  but  more  largely  because  ot  \xveQ^«X\\N«^  ^1 
tbe  underlying  rock  surface.    In  the  western  part  ot  \Jdl^  e.oxscaVS^'^^ 
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the  vicinity  of  the  Wabash  River,  rock  ledges  rise  to  a  height  of  50 
to  100  feet  or  more  above  the  stream,  and  are  well  exposed  on  Flint 
Creek  and  Indian  Creek.  In  the  northeastern  part  of  the  county, 
also,  tliere  are  rock  exposures  on  the  borders  of  the  Wabash  and  i\» 
lower  course  of  Sugar  Creek.  Between  these  exposures,  occupying 
the  central  portion  of  the  county,  there  is  a  deeply  filled  basin,  with 
drift  300  feet  or  more  in  thickness.  This  appears  to  be  part  of  & 
great  valley  or  trough  which  leads  westward  across  southern  Benton 
County. 

To  sustain  the  view  that  a  deeply  filled  valley  extends  westward 
across  northern  Tippecanoe  County,  two  well  sections  in  the  north- 
western part  of  the  county  are  cited.  One,  in  sec.  26,  T.  24,  R.  6  W., 
reaches  a  depth  of  176  feet  without  encountering  rock; ^another, in 
sec.  18,  T.  24,  R.  5  W.,  strikes  no  rock  at  a  depth  of  126  feet.  Toward 
the  south,  near  the  Wabash  River,  the  rock  appears  in  valleys  of 
streams  at  a  higher  level  than  the  botton  of  these  wells.  Passing 
northward  into  White  County  the  rock  appears  at  higher  level  than 
at  these  wells.  It  seems  probable  that  the  deepest  portion  of  the 
valley  passes  near  Dayton  and  Lafayette  and  thence  north  of  west 
across  the  northwest  part  of  the  county,  beyond  which  it  finds  its 
continuation  westward  through  southern  Benton  County. 

Along  the  valley  of  the  Wabash  there  are  gravel  terraces  reaching 
a  height  of  nearly  100  feet  above  the  stream.  The  most  conspicnons 
are  located  below  Lafayette,  where  they  receive  the  name  Wea  Plain. 
They  are  also  conspicuous  in  the  vicinity  of  Battle  Ground  villa^^ 
above  Lafayette. 

Individual  wells. — Wells  on  the  terraces  of  the  Wabash  near  Bat- 
tle Ground  usually  obtain  no  water  within  50  feet  of  the  surface,  and 
in  some  instances  are  put  down  to  a  depth  of  60  or  80  feet.  Mr.  J.  M. 
Hicks's  well,  in  the  \illage  of  Battle  Ground,  is  79  feet,  entirely  through 
gravel,  sand,  or  other  alluvial  deposits.  Mr.  J.  P.  Clute's  well,  in  the 
same  village,  is  GO  feet,  striking  blue  till  near  the  bottom.  Wells  east 
from  Battle  Ground,  near  the  mouth  of  Moots  Creek,  are  not  infre- 
quently 75  feet  in  depth,  and  are  largely  through  sand  and  gravel. 

On  the  uplands  west  from  Battle  Ground  wells  usually  are  obtained 
at  about  20  or  30  f «et,  but  are  occasionally  deeper.  The  following  sec- 
tions of  wells  in  that  region  have  been  published  by  Mr.  Grorby:* 

John  Livingston's  well,  2  miles  west  of  Battle  Ground,  i)enetrates— 

Feet 

1.  Soil  and  yellow  clay 30 

3.  Dry  sand 20 

3.  Bine  clay 30 

4.  Cemented  gravel 2 

5.  Loose  gravel 13 

Total _   95 

^  Fifteenth  Ann.  Rept.  Indiana  OwA."ft\iTxft>f,\«^.%"-^>, 
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James  Bryant's  well,  3  miles  west  of  Battle  Ground,  penetrates — 

Feet. 

1.  Soil  and  yellow  clay 4 

«.  Bine  clay 50 

&  Dry  sand : 20 

-4.  Ooanegrayel 2 

Total 76 

Bast  of  the  Wabash,  in  the  northern  portion  of  the  county,  in  the 
vicinity  of  Buck  Creek  village,  wells  are  reported  by  Mr.  Gorby  to  be 
occasionally  50  to  65  feet  in  depth.  At  John  Stanfield's  a  well  65  feet 
I^netrates  sand  nearly  50  feet  before  obtaining  a  coarse  water  stratum. 
At  Moses  Cole's,  about  2  miles  west  of  Buck  Creek  Station,  a  well 
penetrates  55  feet  of  gravel  and  sand,  entering  a  blue  till  near  the 
bottom.  In  Buck  Creek  village,  W.  W.  C.  Brown's  well,  50  feet  in 
depth,  penetrates  till  20  feet,  beneath  which  is  a  fine  yellow  sand. 

In  eastern  Tippecanoe  County  wells  are  usually  obtained  at  20  to 
40  feet. .  Mr.  Gorby  reports  an  unusually  large  amount  of  yellow  till 
in  that  region,  it  being  frequently  23  to  30  feet  in  depth. 

The  gas-well  boring  at  Dayton,  in  the  eastern  part  of  the  county, 
penetrates  about  300  feet  of  drift,  of  which  a  large  part  is  thought  to 
be  sand. 

At  Lafayette  an  artesian  well,  in  the  valley  of  the  Wabash,  about 
55  feet  above  low-water  mark,  or  560  feet  above  tide,  penetrates  170 
feet  of  drift  and  obtains  a  flow  of  water  from  the  Locki)ort  limestone 
at  230  feet.  The  section  of  this  well  published  by  Mr.  Gorby  shows 
variable  beds  of  sand,  gravel,  and  clay  to  a  depth  of  30  feet,  where  a 
dark-gray  clay  is  entered  which  extends  to  the  depth  of  102  feet. 
Beneath  this  there  is  a  series  of  sand,  gravel,  and  clay  beds  about  30 
feet,  below  which  is  a  very  bowldery  bed,  40  feet  in  thickness,  extend- 
ing to  the  rock.  An  analysis  of  the  water  from  this  well  appears 
elsewhere.^ 

The  city  water  supply  of  Lafayette  is  obtiiined  from  a  gravel  bed 
under  the  Wabash  River,  about  40  feet  below  the  bed  of  the  stream. 
The  water  is  found  in  such  abundance  at  this  horizon  that  the  springs 
which  arise  from  it  furnish  a  considerable  portion  of  the  water  flowing 
in  the  Wabash  in  dry  seasons. 

Private  wells  in  Lafayette  range  in  depth  from  10  feet  up  to  60  feet, 
but  are  most  numerous  at  40  to  60  feet.  As  the  city  is  located  on  a 
hillside,  with  variations  of  nearly  200  feet  in  elevation,  the  wells 
are  obtained  from  several  different  horizons.  Exposures  of  the  drift 
are  quite  extensive  in  the  southern  part  of  the  city.  They  uniformly 
show  a  large  amount  of  sand  and  gravel  beneath  a  comparatively  thin 
sheet  of  till. 

On  the  gravel  terrace  in  west  Lafayette,  near  Purdue  University, 
which  stands  about  100  feet  above  the  river,  wells  are  often  sunk  to 
the  level  of  the  river  bed  through  the  sand  and  grave\  ol  \>cife  X^^^^^i^, 

'Eighteenth  Aun.  Bept.  U.  S.  G«ol.  Survey, Part IV, ip.  ASfe. 
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T!lL*  ▼*!!  :*  l->!azi»«l  ^}>:nr»  It  anlr*  a«>€Lm  -iif  ih*  river  in  sec.  30,  T. 
53-  R-  '1  W.  It  i*  s^iAr^i  iZiat  a:  p-rLnts  n^^rer  the  river  wells  in  soiM 
in<::.dti:c<^  ?:■  v.-  a  c-rcrc.  :'  li-5  ir  lo*  i^ftz  »for^  obtaining  water.  At 
pocni'*  zi'i-r^r  r^m*:*:^  fr:ci  ^-r  riv^r  wa:er  is  obCAined  at  less  depth. 

Ir.  'h-r  s.i'h^'rr.  par:  of  ihe  •!i':iii:y  wells  are  quite  generally  obtained 
at  sli^h:  'i^z'Si^  sel-fozs.  exi!<?et::ng  3»:  feec  an^l  often  bat  1?  to  20  feet 
In  this  resi'Mi  thenr  1*  very  ofren  a  rwd  of  water-bearing  gravel  or 
!»aixd  at  tL*r  'rA=rr  of  the  yellow  till.  1 J  to  15  feet  from  the  surface,  which 
affor'i.-  s-jffciezit  water  for  well*.  In  <ome  cases,  however,  wells  are 
carried  into  the  underlying  blue  till  and  obtain  water  at  depths  of  30 
to  ^'j  or  .>.■  f eet- 

CARROLL    COtJNTY. 

Gert^r^^jJ  a'at^merir. — C'arri.'ll  Coanty  is  siroated  in  the  north-central 
IK^rrion  of  the  Mate  and  ini.-lndes  the  part  of  Wabash  Valley  immedi- 
ately aVive  Tipj>e«:anoe  C«>iiiity.  Delphi  is  its  i.H>unty  seat.  Its  area 
is  'jTh  -^/piare  miles.  Th»^  greater  j^rt  of  the  county  lies  on  the  east 
si^le  of  the  Wabash  River.  <.»n  the  west  there  is  a  narrow  wedge  of 
ijpian'i  fxrcupyiiii:  the  interval  between  the  Walvish  and  Tippecanoe 
river?*.  There  is  a  eontinuous  as<.-ent  from  the  east  bluff  of  the  Wabash 
jyjijtheMStwanl  lieyond  th»*  limits  «»f  the  county,  an  altitude  of  over  S0(> 
feetabov<-  tide  l>einj^  attained  in  its  SDUtheastern  corner.  The  imme- 
rJiate  blnffsof  the  Wabash  are  only  07-3  feet,  while  the  stream  is  about 
I'Ji't  ff'et  lower. 

The  surface  of  the  county  is  either  plane  or  gently  undulating,  if  we 
except  a  few  sharp  drift  knolls  in  the  extreme  northwest  corner.  The 
tributaries  of  llie  Wabash  have  all  shallow  channels.  There  is  there- 
fore ffjo  criijsf)icuous  toj>o;rraphic  feature  within  the  county  except  the 
VV;ib;ish  N'alley,  which  has  a  l»readth  of  a  mile  or  more  and  a  depth 
of  I  J.'i  lo  I  .V)  feet .  'i'liis  valley  is  l)ordered  by  gravel  terraces  similar  to 
tllo^.<•  of  TipfM'canoe  ('ounty,  the  highest  of  which  stand  fully  1(K»  feet 
jibove  the  level  of  tin?  riv<?r.     Lower  terraces  occur  at  several  heights. 

The  t  hir^kiiessof  tiMMlrift  varies  greatly,  th(»re  being  quite  extensive 
jirens  in  tin*  vicinity  of  Delphi,  wliere  rock  is  exposed  up  to  a  height 
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50  feet  above  the  river.  At  Montioello,  near  the  northwest 
of  the  ooonty,  the  rook  floor  is  fotind  at  a  level  about  100  feet 
than  the  Wabash.  Borings  in  neighboring  portions  of  Howard 
Clinton  eonnties  on  the  southeast  show  drift  200  to  250  feet  or 
in  thickness,  the  rock  floor  being  lower  than  at  the  outcrops 
the  Wabash  River. 
The  drift  of  this  county,  so  far  as  penetrated  in  wells,  is  generally  a 
ipaot  tilL  Exposures  along  the  streams  also  are  usually  mainly 
4IL  The  wells  being  shallow  over  the  greater  part  of  the  county,  the 
Mtaiotnre  of  the  deeper  portion  of  the  drift  is  not  known. 

There  are  very  strong  springs  in  the  vicinity  of  Delphi,  from  which 
Bke  city  water  supply  is  obtained.  Their  location  is  about  8  miles 
Northeast  of  the  city,  on  the  farm  of  Qeorge  Snyder.  The  supply  is 
fiped  to  the  city  and  distributed  from  the  standpipe  and  also  by 
dfaect  pressure.^ 

Individual  wells. — ^WeUs  are  usually  obtained  at  such  shallow  depths 
Suit  records  of  but  few  of  them  were  obtained.  One  of  the  deepest 
iras  found  at  Rockfield,  in  the  northern  part  of  the  county,  where  till 
to  a  depth  of  57  feet  was  penetrated  and  no  rock  encountered.  *The 
log  wells  at  Rockfield  are  only  15  to  25  feet  in  depth.  Tubular  wells 
He  50  feet  or  more. 

Along  the  Wabash  terraces,  both  above  and  below  Delphi,  wells  are 
wcasionally  carried  to  a  depth  of  40  feet  in  gravel  and  sand;  but  in 
he  vicinity  of  Delphi,  where  rock  underlies  the  terrace  at  slight 
lepth,  they  are  sometimes  found  at  the  base  of  the  gravel  10  to  20 
'eet.  On  the  narrow  strip  of  upland  west  of  the  Wabash  records  of 
wo  wells  were  obtained,  each  about  50  feet  in  depth,  one  of  which 
fas  largely  through  till  and  the  other  largely  through  sand  and  gravel, 
hough  only  40  rods  apart. 

At  Flora  a  gas-well  boring  penetrates  136  feet  of  drift  thought  to 
>e  largely  till.  There  are  several  flowing  wells  at  this  village  obtain- 
ng  water  at  depths  of  12  to  47  feet,  the  distance  to  the  water-bearing 
(tratum  differing  in  the  several  wells.  The  wells  are  located  on  low 
pround  along  Bachelor's  Run,  and  their  head  is  only  about  5  feet  above 
he  surface. 

CLINTON  COUNTY. 

General  statement. — Clinton  County  is  situated  in  the  north-central 
K>rtion  of  the  State,  south  of  Carroll  and  east  of  Tippecanoe  County, 
nth  Frankfort  as  its  county  seat.  It  has  an  area  of  400  square  miles. 
Phis  county  is  an  elevated  plain,  in  which  the  slope  is  westward  and 
lorthward  from  the  southeast  part.  Its  highest  points  are  probably 
150  feet  above  tide,  while  its  lowest  are  about  700  feet.  To  the  trav- 
eler, however,  the  county  has  the  appearance  of  a  nearly  level  plain, 
he  rate  of  descent  being  gradual. 
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The  greater  elevation  of  the  southeastern  portion  of  the  connty  has 
been  shown  by  numerous  gas-well  borings  to  be  due,  not  to  the  height 
of  rock  surface,  but  to  accumulations  of  drift,  there  being  about  300 
feet  of  drift  in  that  part  of  the  county. 

The  surface  portion  of  the  drift  of  this  county  is  a  compact  till,  but 
gas-well  borings  show  that  the  deeper  portion  is  largely  sand  and 
gravel. 

Individual  weUs. — At  Frankfort,  the  county  seat,  dug  wells  are 
usually  obtained  at  18  to  25  feet.  Tubular  wells  find  a  large  supply 
of  water  at  55  to  65  feet.  The  wells  range  in  depth  from  10  up  to  90 
feet.  In  the  shallow  wells  sufficient  clay  is  usually  x>^netrated  to 
insure  freedom  from  surface  contamination,  thoi^gh  in  some  cases  the 
water  rises  so  near  the  surface  as  to  be  easily  contaminated. 

The  city  water  supply  of  Frankfort  is  obtained  from  wells  sunk  to  a 
depth  of  about  30  feet  below  a  reservoir  which  is  itself  28  feet  in  deptL 
The  water  fills  this  reservoir  within  3  feet  of  the  surface.  Six  wells, 
8  inches  in  diameter,  are  estimated  to  furnish  about  6,000,000  gallons 
a  day.  A  gas- well  boring  in  the  northeast  part  of  Frankfort  has  the 
following  section: 

Feet 

1.  TiU 30 

2.  Qnicksand 10orl5 

8.  Hard  clay  and  gravel,  with  flow  of  water  near  bottom 25  or  90 

4.  Gravel  and  sand,  with  thin  clay  beds 197 

6.  Blue  pebbly  clay 13 

Total 2T8 

A  well  in  the  western  part  of  the  city  did  not  reach  rock  at  297  feet. 
For  several  miles  south  and  east  from  Frankfort  water  is  obtained  at 
15  to  30  feet,  being  mainly  through  till,  with  water-bearing  gravel 
at  bottom.  North  and  west  from  the  city  the  wells  ai-e  often  of 
greater  depth. 

At  Scircleville  a  gas-well  boring  penetrated  296  feet  of  drift,  of 
which  the  upper  150  feet  is  largely  till,  but  the  remainder  is  mainly 
sand  and  gravel.  Near  the  east  line  of  the  county,  about  3  miles  east 
of  Scircleville,  a  gas- well  boring  enters  rock  at  260  feet.  The  drift 
there  is  mainly  a  blue  till. 

At  Kirklin,  in  the  southeast  part  of  the  countj%  a  gas-well  boring 
has  252  feet  of  drift,  of  which  the  upper  40  feet  is  till,  but  the  remain- 
der has  alternations  of  sand  and  gravel  in  thin  beds,  with  somewhat 
thicker  sheets  of  till.  The  wells  in  the  vicinity  of  Kirklin  obtain  a 
strong  supply  of  water  at  40  feet.  West  from  Kirklin  wells  are  often 
obtained  at  16  or  18  feet.  Tubular  wells  are,  however,  60  or  70  feet, 
mainly  through  till.  ^ 

At  Colfax  the  deepest  wells  are  60  or  70  feet,  mainly  through  bine 
till.     Shallower  wells  are,  however,  common  in  that  region. 

At  ^Julberry,  in  the  western  part  of  the  county,  at  an  elevation  754 
feet  above  tidey  a  water  well  at  l\ie  raiWay  sVaWoii^'i^lQ  1^<^\.\\\  Qife\vN^^ 
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id  not  reach  rock.  It  is  mainly  throagh  till.  Another  well  at  a 
awmill  in  the  same  village  is  150  feet  in  depth,  mainly  blue  till. 

Near  Gittingsville,  in  the  northern  part  of  the  county,  several  flow- 
ag  wells  have  been  obtained  at  about  20  feet.  They  are  along  a  val- 
ey  in  sec.  19,  T.  23,  R.  1  E.  In  section  30  of  the  same  township  a 
rell  at  R.  O.  Young's,  71  feet  in  depth,  penetrates  till,  with  thin  beds 
)f  gravel  and  sand. 

In  the  vicinity  of  Sedalia,  in  the  extreme  northern  portion  of  the 
ioanty,  wells  are  occasionally  sunk  to  a  depth  of  80  feet  through  till, 
mt  are  usually  shallower.  A  well  at  J.  H.  Brown's,  in  sec.  24,  T.  23, 
i.  1  W.,  126  feet  in  depth,  penetrates — 

Feet. 
.  Till 68 

I.  Sand,  with  YQgetal  deposits  and  inflammable  gas 16 

I.  Sand 42 

t,  Qravel,  with  water  at  bottom. 

Total 126 

In  the  Fifteenth  Report  of  the  Indiana  Survey  attention  is  called  to 
ihe  occurrence  of  many  bowlders  in  the  blue  till  in  Stony  Prairie,  5 
>r  6  miles  southwest  from  Frankfort,  from  the  surface  down  to  a 
lepth  of  60  feet.  The  western  half  of  the  county  is  liberally  strewn 
vith  bowlders,  but  they  seldom  extend  to  such  depth  as  to  be  trouble- 
K)me  in  excavating  wells. 

HOWARD  COUNTY. 

General  statement — Howard  County  is  situated  in  the  north-central 
x)rtion  of  the  State,  immediately  south  of  Cass  and  Miami  counties, 
vith  Kokomo  as  its  county  seat.  Its  area  is  300  square  miles.  The 
mtire  surface  of  the  county  is  plain  or  gently  undulating,  there 
jeing  few,  if  any,  knolls  and  ridges  rising  more  than  20  feet  above 
he  general  level.  With  the  exception  of  a  narrow  belt  along  Wild 
Uat  Creek,  west  from  Kokomo,  which  is  less  than  800  feet  above  tide, 
md  possibly  a  narrow  strip  on  the  north  border,  the  county  stands 
between  the  800  and  900  feet  contour. 

The  greater  portion  of  the  county  has  a  moderate  coating  of  drift, 
'5  feet  or  less.  But  the  southwestern  part  has  a  larger  amount,  there 
^eing  at  Russiaville  and  neighboring  points  about  150  feet.  Where 
ihe  drift  is  of  moderate  depth  it  is  composed  mainly  of  till,  but  the 
leex)er  portions  include  much  sand  and  gravel  in  their  lower  part. 
Wells  not  infrequently  find  abundance  of  water  at  10  or  20  feet,  in 
>eds  of  gravel  between  the  yellow  and  blue  till,  and  they  rarely  pene- 
trate to  a  greater  depth  than  40  feet. 

Iiidividuol  wells. — At  Kokomo  wells  are  usually  obtained  at  35  or 
to  feet,  either  in  gravel  near  the  base  of  the  drift  or  in  the  upper  part 
)f  the  underlying  limestone.  A  few  deep  wells  100  to  150  feet  have 
3een  sunk.  The  city  waterworks  are  supplied  from  wells  100  feet  in 
lepth. 
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Several  gas  borings  have  been  made  in  the  Ticinity  of  Kokomo.  In 
some  cases  the  wells  have  encountered  90  feet  of  drift,  bat  there  is 
nsaally  a  mach  smaller  amount.  Some  of  those  in  Wild  Cat  Cre^ 
bottom  and  on  the  plain  south  of  the  creek  enter  rock  at  10  to  20  feet 
or  less.  As  a  rule,  these  wells  are  productive  of  gas.  Th<j6e  to  the 
west  of  the  city  in  some  cases  yield  no  gas,  but,  instead,  a  flow  of 
water.  In  the  Indianapolis  Sentinel  for  July  18, 1895,  it  is  stated  that 
one  of  these  wells  had  been  turned  to  good  account  by  a  farmer  for 
irrigation  during  a  season  of  excessive  drought.  Where  the  water 
contains  only  a  moderate  amount  of  saline  matter  such  wells  might  be 
made  to  return  some  small  share  at  least  of  the  expense  incurred  in 
drilling  for  the  gas. 

At  the  village  of  Oreentown,  6  miles  east  of  Kokomo,  weUs  are 
usually  obtained  at  20  to  25  feet  in  gravel  below  tilL  A  lower  vein  of 
water  is  obtained  at  35  to  45  feet.  Gas-well  borings  at  this  point  show 
the  drift  to  be  about  85  feet  in  thickness. 

At  Fairfield,  6  miles  southeast  of  Kokomo,  wells  are  usuaUy  ob. 
tained  at  20  or  30  feet,  there  being  about  20  feet  of  surface  tilL  The 
drift  in  the  vicinity  of  Fairfield  is  shown  by  gas  borings  to  range  from 
25  feet  up  to  fully  75  feet  in  depth.  The  well  near  the  railway  station 
has  47  feet  of  drift,  of  which  the  upper  18  or  20  feet  is  till  and  the 
remainder  gravel.  A  well  4  miles  west  of  Fairfield  was  found  to  have 
165  feet  of  drift. 

A  strong  fiow  of  fresh  water  was  obtained  from  the  limestone  in  a 
well  half  a  mile  north  of  Fairfield  at  a  depth  of  110  feet.  It  is  esla- 
mated  to  discharge  5,000  barrels  per  day.  The  head  is  only  6  feet 
above  the  surface  of  the  ground,  and  the  well  mouth  at  this  point  is 
25  feet  lower  than  at  Fairfield  railway  station. 

At  Tampico,  about  3  miles  northeast  of  Fairfield,  wells  are  usually 
obtained  at  30  foet.  The  drift  at  that  point  is  shown  by  a  gas  boring 
to  be  103  feet  in  depth,  of  which  the  upper  25  feet  is  till;  the  remain- 
der consists  of  alternations  of  sand  and  till.  A  well  3  miles  northeast 
of  Tampico,  bored  for  gas,  has  115  feet  of  drift.  It  is  rei)orted  to 
have  passed  through  a  bed  of  soil  containing  leaves  at  a  depth  of  103 
to  105  feet. 

A  gas  w(»ll  at  Sylvanus  Barrett's,  in  the  southeast  township  of  the 
county,  has  08  feet  of  drift,  of  which  only  the  upper  10  feet  is  till, 
the  ronuiinder  boinj^  gravel,  a  part  of  which  is  cemented. 

At  Kussiaville,  in  the  southwest  township  of  the  county,  the  gas- 
well  l)oring  penetrates  153  feet  of  drift,  as  follows: 

Feet. 

1.  Yellow  till lOto    13 

2.  Sand  with  water 3to     4 

3.  Bluotill 40 

4.  Sand  and  gravel,  with  thin  beds  of  till d5  to  100 

Total 153 

W/itor  wells  in  that  vicinity  are  (A^tamed  aV.  ^\\aVVv:>Nv  (ka^ths  in  the 
'^url  hctwooii  till  sheets. 
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TIPTON  COUNTY. 

\  Oeneral  statement, — ^Tipton  County  is  situated  in  north-central 
r  Indiana,  immediately  soath  of  Howard  County,  with  Tipton  as  its 
^  ooanty  seat.  Its  area  is  260  square  miles.  The  surface  of  this  county, 
f  like  that  of  Howard,  is  gently  undulating,  and  there  is  a  thicker 
t  deposit  of  drift  in  its  western  than  in  its  eastern  portion.  The  west- 
em  portion  is  also  correspondingly  higher.  In  the  southwestern  part 
of  the  county  the  altitude  exceeds  900  feet,  while  in  the  northeastern 
it  is  little  more  than  800  feet.  The  drift  in  the  southwestern  part 
is  250  to  300  feet  in  depth,  while  in  the  northeastern  it  is  75  to  100 
feet.  The  surface  portion  of  the  drift  is  generally  a  compact  till,  but 
the  deeper  portion  contains  large  amounts  of  sand  and  gravel. 

Indimdiuil  wells. — ^At  Sharpsville,  on  the  north  border  of  the 
eoonty,  the  gas-well  borings  pass  through  about  70  feet  of  drift, 
mainly  tilL  Water  wells  are  obtained  at  20  or  25  feet  or  less,  in  thin 
beds  of  sand  or  gravel  associated  with  the  till. 

At  the  village  of  Windfall,  in  the  northeast  part  of  the  county,  the 
drift  at  a  gas  boring  is  72  feet.     There  are,  however,  thin  beds  of  sand 
and  gravel  associated  with  the  till,  which-afford  water  for  the  wells. 
On  the  east  border  of  the  county,  in  the  vicinity  of  Elwood,  the 
<lrift  ranges  from  40  feet  up  to  more  than  100  feet  in  the  several  gas 
^^ells  which  have  been  sunk.     It  is  mainly  a  blue  till,  but  with  the  till 
there  are  beds  of  sand  and  gravel  furnishing  water  at  moderate  depths. 
In  the  vicinity  of  Hobbs  Station,  and  southeastward  to  the  south- 
east corner  of  the  county,  gas  wells  usually  enter  rock  at  about  70  or 
^  feet,  and  the  greater  portion  of  the  drift  is  till. 

At  Tipton,  near  the  center  of  the  county,  the  gas  wells  show  140  to 
200  feet  of  drift,  the  greatest  depth  being  found  on  the  bank  of  Cicero 
Creek,  in  the  east  part  of  the  city.     The  dug  wells  are  often  obtained 
^t  shallow  depths,  12  to  20  feet,  and  it  is  thought  they  are  liable  to 
®iirface  contamination,  as  the  drift  is  of  a  porous,  gravelly  consti- 
tution.    Better  wells  are  found  at  50  to  100  feet,  after  penetrating  a 
^^eet  of  till.     Fresh  water  may  be  obtained  from  the  limestone,  also 
^^  several  horizons  down  to  about  400  feet,  below  which  depth  it  is 
*^ble  to  become  brackish.     The  city  water  supply  is  derived  from 
^^ar  the  top  of  the  limestone. 

At  Kempton,  in  the  western  part  of  the  county,  water  is  usually 
^\)tained  at  about  35  feet,  in  the  gravel  between  sheets  of  till.  Sev- 
-I'al  gas  wells  have  been  sunk  in  the  vicinity  of  Kempton,  which  show 
Qie  drift  to  be  240  to  300  feet  in  thickness.  One  of  these  borings,  in 
the  east  part  of  the  village,  penetrates  the  following  drift  series: 

Feet. 

1.  Yellow  till 10 

2.  Sand  and  till,  each  in  beds  a  few  feet  thick 165 

3.  Gravel 65 

4.  Sand 17 

Total 257 
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Another  well  in  the  village  with  305  feet  of  drift  i)enetrates— 

Peat 

1.  Till,  with  thin  sand  beds 300 

2.  Sand  and  gravel 80 

8.  Hard  brown  till 25 

Total 306 

A  gas  well  half  a  mile  east  of  Eempton  has  243  feet  of  drift,  con- 
sisting mainly  of  till,  bnt  having  thin  beds  of  sand  and  graveL 

At  the  village  of  Atlanta  a  gas- well  boring  i)enetrates  about  300 
feet  of  drift.  Several  gas- well  borings  in  the  southwest  part  of  the 
county  also  penetrate  drift  250  to  300  feet. 

The  following  drift  section  appears  in  a  gas  boring  near  the  center 
of  the  county,  3  miles  east  of  Tipton: 

Feet 

1.  Till,  yellow  and  blue 88 

2.  Gravel ^ 5 

S.  Blue  till 45 

4.  Ghravel 15 

Total 103 

A  gas  well  in  sec.  10,  T.  21,  R.  5  E.,  penetrates  130  feet  of  drift, 
as  follows: 

Feet 

1.  Yellow  till 10 

H.  Gravel 20 

8.  Blue  till 80 

4.  Gravel 20 

Total 130 

GRANT  COUNTY. 

Oeneral  statement — Grant  County  is  situated  in  the  north-central 
part  of  the  State,  with  Marion  as  its  county  seat,  and  has  an  area  of 
420  square  miles.  It  is  traversed  nearly  centrally  from  southeast  to 
northwest  by  the  Mississinewa  River.  Along  the  east  border  of  this 
stream  is  the  Mississinewa  moraine,  having  a  breadth  of  about  5  miles. 
Aside  from  this  moraine  the  surface  of  the  county  is  a  gentlj'^  undulat- 
ing plain.  The  moraine  itself  has  gentle  swells  and  sags  and  is  not 
strikingly  in  contrast  with  the  plains.  Its  relief,  however,  being  50 
feet  or  more,  makes  it  a  noticeable  feature. 

On  the  portion  of  the  county  west  from  the  Mississinewa  River  the 
drift  is  usually  thin,  it  being  often  but  20  feet  or  even  less  in  depth. 
This  district,  however,  appears  to  be  traversed  by  deeply  filled  valleys 
in  which  the  drift  has  a  thickness  of  150  to  160  feet  or  more.  In  the 
northeastern  part  of  the  county  the  drift  deposits  seldom  fall  below 
100  feet,  and  probably  average  nearly  150  feet.  Throughout  the  county 
the  surface  portion  of  the  drift  is  generally  a  compact  till.  In  places 
where  the  drift  is  thick  the  deeper  portions  are  often  made  up  largely 
of  sand  and  graveL 
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Individual  weUs. — ^At  the  city  of  Marion  the  waterworks  are  sup- 
plied from  two  classes  of  wells — first,  drift  wells  70  feet  in  depth; 
second,  wells  in  limestone  240  feet  in  depth.  From  both  classes  of 
^wells  the  water  rises  nearly  to  the  surface.  A  well  8  inches  in  diam- 
eter is  estimated  to  yield  nearly  4,000  barrels  per  day.  The  drift  at 
Marion  ranges  from  about  30  feet  in  the  north  part  of  the  city  to  150 
feet  or  more  in  the  south  part.  The  upper  portion  generally  is  till  to 
a  depth  of  30  to  45  feet,  the  remainder  largely  sand  and  gravel. 

At  Jonesboro,  about  6  miles  above  Marion,  on  the  Mississinewa 
River,  wells  are  obtained  in  gravel  below  till  at  depths  of  10  to  45  feet. 
The  gas-well  boring  in  the  village  shows  the  drift  to  be  162  feet. 

At  Upland,  in  the  eastern  part  of  the  county,  wells  are  usually 
obtained  at  about  30  feet,  in  a  bed  of  gravel  between  sheets  of  till.  A 
few  wells  are  sunk  into  the  underlying  rock  and  obtain  water  at  about 
150  feet.     The  waterworks  supply  is  from  these  rock  wells. 

At  Van  Buren  the  gas  well  penetrates  92  feet  of  drift,  largely  till. 
WeUs  in  the  vicinity  of  that  village  are  obtained  at  20  or  30  feet. 

A  gas  boring  in  the  northwestern  part  of  the  county  penetrates  182^ 
feet  of  drift,  which  is  reported  to  be  mainly  sand  and  gravel. 

In  the  southwestern  portion  of  the  county,  although  the  drift  is  thin, 
wells  are  usually  obtained  without  entering  the  rock,  there  being  gen- 
erally a  water-bearing  gravel  at  the  base  of  the  drift.  Gas-well  bor- 
ings in  this  part  of  the  county  show  the  drift  to  have  the  following 
thicknesses  at  the  principal  villages:  At  Switzer,  28  feet;  at  Swayzee, 
22  feet;  at  Simms,  45  feet;  at  Point  Isabel,  22  feet;  at  Fairraount,  5 
to  35  feet,  the  thickness  varying  in  different  wells.  At  Fairmount 
water  wells  are  often  drilled  into  the  rock  to  a  depth  of  about  30  feet. 
The  waterworks  supply  is  from  such  wells. 

BLACKFORD  COUNTY. 

General  statement. — Blackford  County  is  situated  somewhat  north 
of  the  middle  of  the  eastern  portion  of  the  State,  and  is  one  of  the 
smallest  counties,  having  an  area  of  170  square  miles.  Its  county  seat 
is  Hartford  City.  The  Mississinewa  moraine  traverses  the  southern 
townships  of  the  county  from  west  to  east,  and  occupies  about  75 
square  miles.  The  remainder  of  the  county  is  a  plain.  With  the 
exception  of  a  narrow  belt  in  the  northeastern  part,  along  the  Sala- 
monie  River,  the  drift  of  this  county  is  about  like  that  of  northeastern 
Grant  County — 100  to  150  feet  or  more  in  thickness.  In  the  north- 
east comer  the  thickness  is  but  20  or  30  feet,  or  even  less.  The  drift 
is  composed  mainly  of  a  compact  till,  though  beds  of  sand  and  gravel 
are  suflBiciently  numerous  to  supply  water  for  most  of  the  wells  at  mod- 
erate depths. 

Individtial  wells, — At  Montpelier,  in  the  northeastern  part  of  the 
county,  wells  are  in  some  cases  drilled  into  the  limestone,  though 
usually  obtaining  water  at  the  base  of  the  drift  at  depths  of  15  to  30 
feet. 
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At  Mill  Grove,  in  the  eastern  part  of  the  county,  a  gas-well  boring 
penetrates  143  feet  of  drift,  mainly  till.  Water  wells  are  usually 
obtained  at  moderate  depths,  seldom  more  than  40  feet.  In  a  few 
instances,  however,  they  reach  a  depth  of  fully  100  feet  in  that  part 
of  the  county. 

At  Hartford  City  the  several  gas  borings  show  the  drift  to  range  in 
depth  from  80  feet  up  to  150  feet  or  more.  It  is  composed  of  till, 
interrupted  by  occasional  thin  beds  of  sand.  The  waterworks  supply 
is  from  wells  drilled  into  the  underlying  limestone  to  a  depth  of  about 
250  feet.  A  well  at  one  of  the  hotels  in  Hartford  City  enters  rock 
at  112  feet.  The  upper  80  feet  is  a  nearly  solid  bed  of  till,  below  which 
is  32  feet  of  sand  and  gravel.  A  well  1  mile  northwest  of  *Hartford 
City,  in  section  10,  has  177  feet  of  drift,  of  which  the  upper  100  feet 
is  till  and  the  remainder  largely  sand.  One  well  in  the  southeast  part 
of  Hartford  City  enters  rock  at  about  80  feet  after  penetrating  60  feet 
of  till  and  about  20  feet  of  sand. 

JAY  COUNTY. 

Oenerol  staiement. — Jay  County  is  situated  on  the  eastern  border  of 
the  State,  somewhat  north  of  the  middle,  with  the  county  seat  at  Portr 
laud.    Its  area  is  396  square  miles.    This  county  is  traversed  from  west 
to  east  by  two  morainic  belts,  the  Mississinewa  and  the  Salamonie. 
The  Mississinewa  moraine  is  confined  mainly  to  the  southern  tier  of 
townships  and  has  a  breadth  of  about  5  miles.     The  Salamonie 
moraine  is  situated  mainly  in  the  northern  tier  of  townships,  but 
enters  the  northern  portion  of  the  middle  tier  near  the  State  line. 
Its  breadth  is  3  to  5  miles.    The  remainder  of  the  county  has  a  nearly 
plane  surface,  sloping  gently  toward  the  north.     With  the  exception 
of  a  few  sharp  knolls  on  the  Salamonie  moraine  near  Camden  (Penn- 
ville  post-office),  in  the  northwest  part  of  the  county,  the  moraines 
have  gentle  swells  and  sags,  which  give  thera  but  little  contrast  with 
the  gently  undulating  plains.     They  present,  however,  a  nearly  con- 
tinuous ridge  with  relief  of  30  to  50  feet  or  more  above  the  bordering 
plains.     The  altitude  of  the  southern  portion  of  the  county  exceeds 
1,000  feet.     The  northern  border  of  the  county  falls  below  900  feet. 

The  drift  is  composed  mainly  of  a  sheet  of  compact  till,  and  its 
thickness  probably  averages  about  100  feet.  The  rock  is  rarely  struck 
at  less  than  50  feet,  and  at  Geneva,  near  the  north  border  of  the 
county,  a  gas-well  boring  shows  350  feet  of  drift. 

Individual  wells. — Along  the  north  border  of  the  county,  near  the 
State  line,  rock  is  found  at  10  to  20  feet,  and  wells  are  often  sunk 
into  it  to  slight  depths.  The  thin  drift,  however,  occupies  but  a  few 
square  miles.  At  Bryant,  near  the  middle  of  the  north  line  of  the 
eountv,  the  drift  was  found  to  be  112  feet  in  thickness. 

About  0  miles  west  of  Bryant,  in  sees.  10  and  30,  T.  24,  R.  13  E., 
wells  lire  difficult  to  obtain,  the  morame  a\  \Aia\.  v^m\\>\>^\\i^^Qk\a\>Q»%^ 
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of  till  to  a  depth  of  125  feet  or  more.  One  well  has  a  depth  of  125 
feet,  another  140  feet,  and  another  155  feet,  none  of  which  enter  rock. 
About  a  mile  west  of  these  wells  rock  is  struck  at  130  feet  in  a  well  in 
section  13,  Penn  Township. 

At  Pennville,  in  southern  Penn  Township,  on  the  Salamonie  River, 
rock  is  struck  at  about  40  feet  in  several  gas  borings. 

At  Portland,  the  county  seat,  wells  are  often  obtained  at  14  to  30 
feet  in  gravel,  but  more  frequently  they  are  drilled  into  limestone, 
which  is  entered  at  30  to  60  feet  in  the  vicinity  of  this  town.  A  few 
wells  have  a  depth  of  150  feet.  The  waterworks  supply  is  from  wells 
-drilled  into  the  limestone.  It  is  thought  that  the  shallow  wells  are 
protected  from  contamination  by  a  bed  of  clay  which  overlies  the 
water-bearing  gravel. 

Immediately  east  of  Portland  wells  are  obtained  in  sand  between 
yellow  and  blue  tills  at  12  to  20  feet;  the  blue  till  is  struck  at  15  to 
20  feet,  and  extends  to  the  underlying  rock  at  45  to  50  feet. 

A  well  in  section  18,  Noble  Township,  5  miles  east  of  Portland, 
outers  rock  at  83  feet;  one  in  section  17  enters  rock  at  160  feet,  and 
one  in  section  7  enters  rock  at  57  feet.  They  are  all  situated  near 
the  south  border  of  the  Salamonie  moraine  and  are  mainly  through 
till. 

Near  Bellefontaine,  in  the  east  part  of  the  county,  wells  enter  rock 
at  80  to  135  feet  and  are  mainly  through  till. 

At  Como,  6  miles  southwest  from  Portland,  the  drift  is  80  feet,  and 
at  Red  Key  73  feet,  mainly  till  at  both  places. 

At  Dunkirk,  in  the  southwestern  part  of  the  county,  the  best  wells 
are  obtained  near  the  top  of  the  limestone  at  depths  of  65  to  100  feet. 
The  waterworks  are  supplied  from  wells  of  this  class.  Shallower 
wells  afford  only  a  small  amount  of  water. 

Along  the  Mississinewa  moraine,  in  the  southern  part  of  the  county, 
farmers  not  infrequently  have  sunk  wells  to  a  depth  of  50  to  75  feet 
or  more  before  obtaining  an  adequate  supply  of  water.  This  moraine 
appears  to  afford  but  little  water  at  shallow  depths.^ 


>  The  size  of  a  single  imper  in  this  series  being  limited  by  law  to  KK)  i)age8,  the  remainder  of 
this  i>aper— the  portion  relating  to  the  southern  part  of  the  State— will  be  published  as  Water- 
Supply  Paper  No.  28  (in  pressj. 


INDEX. 


Pago. 

I  County,  description  of  wells  in. ..  51-^2 

orth,  description  of  wells  near 14 

I.  description  of  wells  at 32,84 

County,  description  of  wells  in 48-61 

k.  description  of  weUs  near 64,66 

y,  description  of  wells  at... 58 

^W8,  description  of  wells  near 54^ 

a,  description  of  wells  near 28-29 

ta,  description  of  wells  at 76 

>d,  description  of  weUs  at 86 

m,  description  of  wells  near 80 

^  description  of  wells  near 83 

'  Ground,  description  of  wells  near.  68-60 
ontaine,  description  of  wells  near. .  79 
n  County,  description  of  wells  in..  61-66 
ford  County,  description  of  Wells  in  77-78 

description  of  well  at 16 

on,  description  of  wells  at 53 

)  Grove,  description  of  wells  at 18 

5ll,  description  of  well  near 64, 65 

3n,  description  of  wells  near 38 

leld,  description  of  wells  near 34 

e,  description  of  wells  near 43 

it,  description  of  wells  near 78-79 

Creek,  description  of  wells  near 69 

)r  Hill,  description  of  wells  near. . .       58 

itt,  description  of  wells  near 37 

r,  description  of  wells  near 30 

II  County,  description  of  wells  in..  70-71 

'ounty,  description  of  wells  in 50 

lers,  description  of  wells  near 61 

berlin,  T.  C,  cited 11 

orton,  description  of  wells  near 16 

ibusco,  description  of  wells  at 4*i 

ool,  description  of  wells  near  37 

•n  County,  description  of  wells  in . .  71-r3 

c,  description  of  wells  at T2 

s,  description  of  wells  at 48 

ibia  City,  description  of  wells  at. . .  48 
1  Point, description  of  wells  near..       14 

•n,  description  of  well  at 69 

ur,  description  of  wolls  at 51 

b  County,  description  of  wells  in  ..  29-31 

i,  description  of  wells  near 71 

sr,  description  of  well  at 58 

,C.  R.,  cited 25,26,27,28 

Irk,  description  of  wells  at 79 

*ark,  description  of  wells  near 63 

r t,  description  of  welLs  at 24 

rt  County,  description  of  welLs  in. .  23-25 

>d,  description  of  wolls  at 75 

J0  lobe,  description  of U 

^reen,  deacription  of  wella  at 38 

UBB  21 6 


Fairfield ,  description  of  wells  near 74 

Fairmount,  description  of  wells  at 77 

Flora,  description  of  weUs  near 71 

Fort  Wayne,  description  of  weUs  at 40 

Fowler,  description  of  wells  near 68 

Frankfort,  description  of  wells  near 78 

Fulton  County,  description  of  wells  in . . .  46-47 

Fumessrille,  description  of  well  at 16 

Galveston,  description  of  wells  at 60 

Garrett,  description  of  wells  at 81 

Geneva,  description  of  wells  at 68 

Gibson,  description  of  wells  at 14 

Gittingsville,  description  of  wells  near  . .       73 

Glacial  conditions  of  Indiana 9-18 

Goehen,  description  of  wells  at 24 

Grant  County,  description  of  wells  in  —  76-77 

Greentown,  description  of  wells  at 74 

Hageman,  description  of  wells  at 16 

Hammond,  description  of  weUs  at 14 

HartfordCity,  deacription  of  wells  near.       78 

Haw ville,  description  of  wells  near 84 

Hebron,  description  of  wells  at 18 

Hessville,  description  of  wells  at 14 

Hobart,  description  of  wells  near 14 

Hobbs  Station,  description  of  wells  at . . .       75 
Howard  County,  description  of  wells  in..  78-74 

Hudson,  description  of  wells  near 29 

Huntington,  description  of  wells  at 54 

Huntington  County,  description  of  wells 

in 54-66 

niinoian  drift  sheet,  description  of 10 

In  wood,  description  of  wells  at 88 

lo wan  drift  sheet,  description  of 10 

Jackson  Center,  description  of  well.s  near .       18 
Jasper  County,  description  of  wells  in . . .  44-45 

Jay  County,  description  of  wells  in 78-79 

Jonesboro,  description  of  wells  at 77 

Kempton,  description  of  wells  near 75-76 

Kendallville,  description  of  wells  near. ..  32-33 
Kentland,  description  of  wells  near...  41-42,43 

Ko wanna,  description  of  wells  at 47 

Kirklin,  description  of  wells  near 73 

Knox,  description  of  wells  at 39-40 

Kokomo,  description  of  wells  near 73-74 

Kosciusko,  description  of  wells  at 36 

Kosciusko  County,  description  of  wells  in .  35-37 

Kouts  Station,  description  of  wells  at 18 

Lacrosse,  description  of  wells  near 21 

Lafayette,  description  of  wells  near 69-70 

Laf  ontaine,  description  of  wells  at 56 

Lagrange,  deacription  of  wells  uQ&t ?&-% 

LagrangeCouiity,d©acTV^\^.oivol^^JCk&V£i-  *i5y^ 
Lagro,  doacTipUou  ol  v»^Y^  iia»i ^ 


82 


ofvcOBaS  U 

Trptacc  of  weQ» 

rqiciosi  of  w^IIs  ax a« 

GoantT.   deacriptioc  of    weQs 

ill- l»-2l 

Ufoaier.  dieacriptiait  of  veDA  at S 

UTerpooL deacripckxi of  veDaax 14 

10 

deacxiptiao  of  v^IIs  xMar  —       V 

Marion,  dcau  iiitka  of  weDa  at 77 

MarahaD  Cewmty,  dcauipiionof  wells  in.  37-9 

HazinkiBckee  moraine,  desrriptioii  '^f 11 

Medarj  Tine,  dcau  iptioi  of  welj>  at 4i 

Maitooe.deacTiiiCKm  of  wells  near 37 

Xetz.  deacription  of  wells  near 9 

Ifiaini  Goantj,  deacription  of  wells  in. . .  S7^5c> 
|fi*»higM»  City,  deacription  of  wells  near.  19-30 

Milford.  deacription  of  weDa  at 35 

Mill  Orore.  deacription  of  wells  at TG^ 

Miller  Station,  deacription  of  well  near . .        14 

lOshawaka.  deacription  of  weUs  at S 

Monon.  description  <^  wells  at 6U 

MontioeDo,  deacription  of  weUs  at au 

Montpelier.  description  of  wells  at 77 

Morocco,  description  of  wells  at 43 

Moont  Ajer,  description  of  wells  at 43 

Malberry.  deacription  of  wells  at 73-73 

New  Haren,  deacription  of  wells  near ...  .10 
New  Lancaster,  description  of  wells  near  5ft 
New  Madison,  deacription  of  wells  near . .       57 

New  Paris,  deacription  of  wells  near 34-35 

Newell,  F.  H..  letter  of  transmittal  by. . .  7 
Newton  County,  description  of  wells  in . .  4<M3 

Noble  County,  description  of  wells  in 31-.% 

Noble«rille,  description  of  wells  ne^ir 34 

North   Galveston,  description  of   wells 

near 36 

North  Judson.  de«cription  of  wells  at W 

North  Liberty,  description  of  wells  near .  2:i 
North  Manchester,  description  of  wells 

near iV-oO 

Oswego,  description  of  wells  near 36 

Otterbein,  description  of  wells  near W-»>) 

Oxford,  description  of  wells  near 65-*> 

Penn villc,  description  of  welln  at 7W 

Peru,  description  of  wells  near '>s 

Piorceton,  description  of  wells  near 3»j 

Pleasant  MilUt,  description  of  welLs  at r>3 

Plymouth,  deHcription  of  wells  near .'bi 

Porter  County,  description  of  wells  in 15-18 

Portland.  d«;8cription  of  wells  near  79 

PulaHki  County,  description  of  wells  in. .        44i 

Reminjcton.  description  of  wells  ut 4o 

Rens.s«*liw;r.  doM^'ription  of  w<'lls  near 45 

lt<?ynol<ls,  (lohoription  of  wells  near WMil 


deKTipCftOB  of  weDa  near 54 

deauiption  of  weDa  at 47 

RorkHrtd  dcaLriptionof  wellaat- 71 

Bop>e  Cfty.  dtau  iption  of  w^lls  near 31 

Royal  Center,  deacripCian  of  weDa  at 9 

ffiiMliTiDe.diauiptian  of  wells  near 74 

Saginaw  ice  lobe,  dean  iption  of 11 

St.  John,  detfiu  ipUonof  wella  near 14 

St.  Joaeph.  deacription  of  wella  near 31 

St-  Joaeph  County,  dean  iption  oi  wells  in .  S-S 
Si'inJeTifle.  deauiption  of  wells  near....     7! 

Sedalia .  d<!au  iption  <rf  w^Ds  near 73 

SharpariOe,  deacriptian  of  wells  at To 

Somai  mau  deeu  iption  of  wella  near U 

Sonth  Bend. deacription  of  wella  near...  £,S 
Sonth  Milford.  deacription  of  well  near. .  5 
Spenoerrille.  deacription  of  wells  near. . .  S.oO 
Stai^e  Coonty.  deacription  of  wells  in. . .  3MD 
Steuben  County,  deacription  of  wdls  in. .  27-9 

Sugar  Orore,  deacription  of  well  at 0 

Surrey,  deacription  of  wells  near 44 

Talbot,  deacription  of  well  near 6i6l 

Tampico.  deacription  of  wella  at 74 

Teeg^urden,  deacripti<Niof  wells  near 9 

Templeton,  deacription  of  wella  near 65.61 

Tfll  defined 12 

Tippecanoe  County,  deacription  of  w^ls 

in <7-<D 

Tipton,  deacripticm  of  wella  at 75,1V 

Tipton  County,  deacription  of  wells  in  . .  75-73 

Tolleston,  deacription  of  wells  at U 

Uniondale.  deacription  of  wella  near 53 

Upland,  deacription  of  wells  at 77 

Valent  ine,  deacription  of  well  near 3 

Valparaiso,  deacription  of  wells  near 17-1$ 

Valparaiso  moraine,  description  of U 

Van  Buren,  description  of  wells  at 77 

WalKLsh,  description  of  wells  at ."16 

Wabash  Coimty,  description  of  wells  in . .  5e>-^' 

Walker  ton,  description  of  wells  near S 

Walton,  description  of  wells  at 59 

Warren,  description  of  wells  near 55 

Warren  County,  description  of  wells  in..  66-67 

Warsaw,  description  of  wells  near 36-:t7 

Waterloo,  description  of  well  at 3' 

Wells  (.'ounty,  description  of  wells  in 52-53 

West  I^banon,  description  of  wells  near .       67 

Wheeler,  description  of  wells  near I* 

Wliite  County,  description  of  wells  in A)-*l 

Whiting,  description  of  wells  at 14 

Whitley  County,  description  of  wells  in . .  47-48 
Williani8i>)rt.  description  of  wells  near . .  ti6-67 

Winamac,  description  of  wells  at 46 

Windfall,  description  of  wells  at 75 

Wisconsin  drift  sheet,  description  of 10 

Wolcott villo.  description  of  well  near 27 

Xcnia.  description  of  wells  at .V 


DBPABTHENT  OF  THE    INTEBIOS 


WATER-SUPPLY 


[REIGATION   PAPERS 


UNITED  STATES  GEOLOGICAL  SURVEY 


]Sro.   3  3 


WAaHINOTON 

GOVERKMKNT    PRINTING    OFFICE 
1899 


82 


INDEX. 


Lake,  description  of  wells  at li 

Lake  County,  description  of  wells  in i;)-U 

Lake  Maxinkuckee,  description  of  wells 

near 38-39 

Laketon,  description  of  wells  at 56 

Laporte  Connty,  description  of    wells 

in 18-21 

Liffonier,  description  of  wells  at 86 

Liverpool*  description  of  wells  at li 

Loess  defined 10 

Logansport,  description  of  wells  near  —       50 

Marion,  description  of  wells  at 77 

Marshall  County,  description  of  weUs  in.  37-90 
Mazinkaokee  moraine,  description  of  —       11 

Medary  ville,  de8cri];>tion  of  wells  at 46 

Mentone,  description  of  wells  near 37 

Metz,  description  of  wells  near 20 

Miami  County,  description  of  wells  in...  57-56 
Michigan  City,  description  of  wells  near.  19-20 

Milford,  description  of  weUs  at 36 

Mill  Orove,  d€»scription  of  wells  at 78 

Miller  Station,  description  of  well  near . .       U 

Mishawaka,  description  of  wells  at 22 

Monon,  description  of  wells  at 60 

Monticello,  description  of  wells  at 60 

Montpelier ,  description  of  wells  at 77 

Morocco,  description  of  wells  at 43 

Mount  Ayer,  description  of  wells  at 43 

Mulberry,  description  of  wells  at 72-73 

Kew  Haven,  description  of  wells  near 50 

New  Lancaster,  description  of  wells  near  54 
Kew  Madison,  description  of  wells  near. .       57 

New  Paris,  description  of  wells  near 24-25 

Newell,  F.  H.,  letter  of  transmittal  by. . .  7 
Newton  County,  description  of  wells  in. .  4(M3 

Noble  County,  description  of  wells  in 31-36 

Nobleaville,  description  of  wells  near 34 

North   Galveston,  description  of   weUs 

near :«< 

North  Judson,  description  of  wells  at 40 

North  Liberty,  description  of  wells  near.  23 
North  Manchester,  description  of  wells 

near biy-^A) 

Oswego,  description  of  wells  near 36 

Otterbein,  description  of  wells  near 64-65 

Oxford ,  description  of  wells  near 65-66 

Penn ville,  description  of  wells  at 79 

Peru,  description  of  wells  near 58 

Pierceton,  description  of  wells  near 36 

Pleasant  Mills,  description  of  wells  at 52 

Plymouth,  description  of  wells  near 38 

Porter  County,  description  of  wells  in  —  l.V-18 

Portland,  description  of  wells  near 7\) 

Pulaski  County,  description  of  wells  in . .        46 

Remington.  dea<;ription  of  wells  at 45 

Rensselaer,  destiription  of  w<»lls  near 45 

Reynolds,  description  of  wells  near 6(MJ1 


Pag.. 

Roanoke,  description  of  wells  near 54 

Rochester,  description  of  wella  at 47 

Rockfleld,  description  of  wells  at 71 

Rome  City,  description  of  wells  near 34 

Royal  Center,  description  of  wells  at 5P 

Runriaville,  description  of  weUs  near 74 

Saginaw  ice  lobe,  description  of 11 

St.  John,  description  of  wells  near 14 

St.  Joseph,  description  of  wells  near 31 

St.  Joseph  County,  description  of  wells  in .  21-23 

Scircleville,  description  of  wells  near 72 

Sedalia,  description  of  wells  near 73 

SharpsviUe,  description  of  wells  at 73 

Somerset,  description  of  wells  near 56 

South  Bend,  description  of  wells  near. ..  22.23 
South  Milford,  description  of  well  near. .  27 
Spencerville,  description  of  wells  near. . .  31,50 
Starke  County,  description  of  wells  in...  3(M0 
Steuben  County,  description  of  weUs  in. .  27-28 

Sugar  Orove,  description  of  well  at 63 

Surrey,  description  of  wells  near 44 

Talbot,  description  of  well  near 64.6S 

Tampico,  description  of  wel  Is  at 74 

Teegarden,  description  of  wells  near 38 

Temple  ton,  description  of  weUs  near 65,66 

Till  defined 12 

Tippecanoe  County,  description  of  wells 

in 67-70 

Tipton,  description  of  wells  at 75,76 

Tipton  County,  description  of  wells  in. . .  75-76 

Tolleston,  description  of  wells  at 14 

Uniondale,  description  of  wells  near 53 

Upland,  description  of  wells  at 77 

Valentine,  description  of  well  near 26 

Valparaiso,  description  of  wells  near 17-lS 

Valparaiso  moraine,  description  of 11 

Van  Buren,  descri  ption  of  wells  at 77 

Wal )a.«*h,  description  of  wells  at 56 

Wabash  County,  description  of  wells  in . .  55-57 

Wftlkerton,  description  of  wells  near 23 

Walton,  description  of  wells  at 50 

Warren,  description  of  wells  near 55 

Warren  County,  description  of  wells  in..  66-67 

Warsaw,  description  of  wells  near 36-^'lT 

Waterloo,  description  of  well  at 3;» 

Wells  County,  description  of  wells  in 52-53 

West  I^banon,  description  of  wells  near .        67 

Wheeler,  description  of  wells  near 17 

White  County,  description  of  wells  in 60-61 

Whiting,  description  of  wells  at 14 

Whitley  County,  description  of  wells  in. .  47-48 
Williamsport,  description  of  wells  near. .  ii6-67 

Winamac,  dostrription  of  wells  at 46 

Windfall,  description  of  wells  at 75 

Wisconsin  drift  sheet,  description  of 10 

Wolcottville.  description  of  well  near 27 

Xt^nia.  description  of  wells  at 5t> 


DEPABTMEHT  OF  TEE    INTEBIOB 


WATER-SUPPLY 


:RRiaATION   PAPEES 


UNITED  STATES  GEOLOGICAL  SURVEY 


N"o.   2  2 


WASHINaTON 

GOVERNMENT    PRINTING    OFFICE 
1898 


:>)  ■  ^" 


UHITBD  STATES  OEOLOOIOAL  SUBVEY 

CHAI1I.KB  D.  WALCOTT,  DIBKCTOB 


EWAGE   IRRIGATION 


PART    II 


OEORGE    'W.   RAFTER 


WASHIKGTON 

GOVERNMENT   PRINTING   OFFICE 

1899 


CONTENTS. 


fT  of  transmittal 9 

tn^  of  Water-Snpply  and  Irrigation  Paper  No.  3 11 

fttic  and  geographic  distribation  of  sewage-disposal  works 11 

nof  sewage  irrigation 13 

larison  of  English  and  American  sewage 13 

tion  of  rivers 15 

ge  porification  at  manafaotaring  establishments 22 

iMshosetts  experiments  on  the  purification  of  factory  wastes 27 

*aper-mill  wastes 27 

^ool-soonring  wastes 27 

'annery  wastes 28 

)yestaff8 29 

•pecial  experiments 90 

leohanical  analyses  of  sand8 31 

Size  of  grain 31 

Air  and  water  capacities  of  sand 33 

Limitationof  size  of  dose 33 

Purification  obtained  by  intermittent  filtration 34 

ammary  of  Massaehasetts  experiments 34 

3  of  commercial  fertilizers 35 

isity  of  purification  of  sewage  at  towns  on  the  Great  Lakes 36 

Iffect  of  sewage  on  lake  waters 37 

danger  of  winter  typhoid 38 

ican  sewage-disposal  plants 41 

Laine 41 

Angnsta,  State  Insane  Asylum 41 

iCW  Hampshire 41 

Concord,  State  Insane  Asylom 41 

Rockingham  County  Poor  Farm 42 

lassachusetts 42 

Amherst 42 

Brockton 42 

Gardner 45 

Greenfield 46 

Lenox 46 

Marlboro 46 

Concord,  Massachusetts  Reformatory 48 

Medfield 48 

Mystic  Valley 48 

Natick 50 

Norfolk  County  Jail 51 

North  Brookfield 51 

Pegan  Brook 52 

Waltham,  School  for  the  Feeble-minded 52 

Sherbom  Prison 62 

6 


6  CONTENTS. 

American  Bewage-dlipoMd  pUmto-^ontinnecL 

MMBaehoaettB — Continued.  ^ 

Soath  Framingham 

Welleeley  College 

Westboro 

Woioester 

Woieester  Insane  Hospital 

Plants  projected  in  Massaohnsetts 

Bhode  Island 

Central  Falls 

Pawtacket 

Cranston,  State  institutions 

Providence 

Woonsocket 

Connecticnt 

Bristol.. 

Danbnry 

Lake  Wanremaug.... .; 

Litchfield 

Manchester «. 

Meriden 

Waterbury 

NewTork 

Brewsters 

Brooklyn,  twenty-sixth  ward 

Chantanqoa  Assembly 

Par  Rockaway 

New  Rochelle 

Hemlock  Lake 

Bath,  Soldiers'  and  Sailors'  Home 

Batavia,  State  Institution  for  the  Blind 

Yassar  College 

Plants  projected  in  New  York 

New  Jersey 

Atlantic  City 

East  Orange 

Essex  Fells 

Freehold 

LawrenccTllle  School 

Long  Branch 

Morris  Plains  Asylum 

Plainfield 

Princeton  College 

Summit 

Westfield 

Pennsylvania 

Altoona 

Norristown,  State  Hospital  for  the  Insane 

Reading 

Wayne ^ 

West  Virginia 

Weston,  State  Insane  Hospital 

Texas 

Paris 

San  Antonio 

Temple.. 


coNTBirr&  7 

merioan  Bewaga-dkpoial  plaats— Ccmtinaed.  Pac^^ 

Ohio 76 

Alliance 75 

Canton 76 

Foetoria 76 

Oberlin 76 

Michigan 77 

Wayne  County  poor  farm 77 

St.  Johns 77 

Illinois 77 

Pullman 77 

World's  Fair 79 

Wisconsin 79 

Menominee  Valley 79 

Minnesota 79 

Rochester  Hospital  for  the  Insane 79 

Nebraska 80 

Hastings 80 

Colorado 80 

Colorado  Springs 80 

Leadville 80 

Trinidad 81 

Montana 81 

Helena 81 

Utah 81 

Salt  Lake  City 81 

Arizona 82 

PhoBnix 82 

California 82 

Fresno 82 

Los  Angeles 82 

Pasadena 84 

Redding 86 

San  Luis  Obispo 86 

Santa  Rosa 86 

'      Stockton 85 

Dominion  of  Canada 86 

Berlin 86 

HamUton 88 

London 88 

London  Hospital 88 

Ontario  Agricultural  College 89 

Waterloo 89 

liblications  relating  to  sewage  utilization  and  disposal 89 

adex 99 


ILLUSTRATIONS. 


Platr  I.  Brockton,  Maflaachnsetto,  filtration  fields ;  A ,  Tomips  and  aweet corn ; 

B,  Pease,  sweet  com,  and  beans 42 

II.  South  Framingham,  Massachusetts,  sewage  farm;  A,  Sewage  inlet  to 

filter;  B,  Portion  of  cabbage  field 52 

IIL  Works  at  Worcester,  Massachusetts;  A,  General  view  of  preoipita- 

tion  tanks ;  B,  Another  view  of  precipitation  tanks 54 

ly .  Filter  areas  as  ridged  for  winter  service  at  Pawtucket,  Rhode  Island.      58 
y.  Sewage  disposal  at  Plainfield,  New  Jersey;  A,  Main  carrier  as  seen 
from  screen  tank  (before  erection  of  building) ;  B,  Diatribnting 

channel  in  bed  No.  1 'id 

VI.  Sewage  irrigation  at  Salt  Lake  City,  Utah ;  A,  Main  ditch,  outlet  gate, 

and  field  of  com ;  B,  Lateral  ditch  and  method  of  irrigating  com .      80 
VIL  A,  Sewage  irrigation  at  Phoenix,  Arizona;  B,  Sidehill  irrigation  at 

Wayne,  Pennsylvania 82 

Fig.  1.— Mechanical  composition  of  materials  available  for  sewage  filtration..      32 

2. — ^Air  and  water  capacities  of  sewage  filter  materials 32 

3. — Limitation  of  size  of  single  dose  by  air  and  water  capacities... 33 

4. — Plan  of  filter  areas  at  Pawtucket,  Khode  Island 58 

8 


LETTER  OF  TRANSMITTAL. 


Depabthent  of  the  Intebiob, 
United  States  Oeologioal  Suevey, 

Division  of  Htdbogbapht, 

Washington^  October  25^  1898. 

Sib  :  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
Sewage  Irrigation,  Part  II,  prepared  in  October,  1897,  by  Mr.  Gtoorge 
W.  Batter,  of  Rochester,  Kew  York.  This  paper  consists  in  part  of 
material  famished  for  Water-Snpply  and  Irrigation  Paper  No.  3,  on 
Sewage  Irrigation.  In  the  printing  of  that  paper  it  was  found  that 
the  limit  of  100  pages  set  by  law  would  be  exceeded  in  spite  of  consid- 
erable condensation  in  the  form  of  statement.  The  original  manuscript 
was  therefore  divided  into  two  parts,  the  first,  relating  to  the  general 
subject  and  giving  the  practice  abroad,  having  already  appeared  as 
Paper  No.  3.  The  present  manuscript,  which  has  been  considerably 
extended  by  Mr.  Rafter,  is  devoted  mainly  to  the  discussion  of  data 
obtained  in  this  country  and  in  Oanada,  and  of  all  the  plants  erected 
and  operated,  together  with  brief  notes  on  the  projected  plants.  There 
is  included  an  appendix  containing  a  list  of  publications  relating  to 
the  subject. 

Very  respectfully,  F.  H.  Newell, 

Hydrographer  in  Charge, 

Hon.  Chables  D.  Waloott, 

Director  United  States  Geological  Survey, 
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ByOEOBOE  W.  Bafteb. 


B:^UM]6  op  WATBR-SUPPIiY  AND  IRBIGATION  PAPEB  NO.  8. 

In  a  previoas  publication  on  sewage  irrigation^  we  discussed  the 
general  principles  governing  the  utilization  of  sewage  in  agriculture,  as 
well  as  the  relations  of  such  utilization  to  the  public  health.  It  was 
shown,  also,  how  the  gradually  increasing  pollution  of  streams  first  led 
in  England  and  other  manufacturing  countries,  to  a  demand  for  sew- 
age purification,  and  the  probable  value  of  sewage  in  agriculture  was 
indicated. 

In  that  paper  the  various  methods  of  sewage  disposal  in  common  use 
were  discussed,  with  special  reference  to  the  modern  views  about  nitrifi- 
cation. Descriptions  of  methods  of  applying  sewage  were  given  with 
information  as  to  the  best  crops  for  sewage  farming,  the  proi>er  quan- 
tity of  sewage  to  be  applied,  limiting  temperatures,  cost  of  labor  on 
sewage  farms,  sanitary  condition  of  such  farms,  and  a  number  of  other 
important  suljjects  which  it  is  necessary  that  one  should  understand 
before  embarking  in  sewage-utilization  investments.  Brief  descrip- 
tions were  also  given  of  a  number  of  the  principal  sewage  farms  in 
England,  of  the  sewage  fEirms  of  the  city  of  Berlin,  Germany,  and  of 
sewage  utilization  in  France  on  the  Plain  of  Gennevilliers. 

In  the  present  paper  it  is  proposed  to  give  additional  data  relating  to 
stream  pollution  and  sewage  purification,  together  with  a  brief  account, 
so  far  as  it  has  been  possible  to  obtain  the  information,  of  every  sewage- 
disposal  plant  in  the  United  States  and  the  Dominion  of  Canada,  whether 
now  in  use  or  abandoned,  that  has  actually  been  built,  or  that  has  had 
plans  prepared  for  its  construction. 

ClilMATIC  AND  GEOGBAPHIC  DISTRIBUTION  OF  SEWAGB- 

DISPOSAIj  WOBKS. 

As  regards  rainfall,  the  United  States  divides  naturally  into  three 
regions — the  humid,  subhumid,  and  arid.  The  humid  region  includes 
all  of  the  country  east  of  the  Mississippi  Biver,  together  with  the 
States  of  Iowa,  Missouri,  Arkansas,  and  Louisiana  west  of  that  river. 

>  Wfttor-Snpplj  and  Irrigation  Paper  Ko.  8,  IBtfl^  100  p^.^  4'V^\a. 
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It  also  inclades  portionB  of  North  Dakota,  South  Dakota,  NebiaBkii 
Kansas,  Indian  Territory,  and  Texas.  The  subhomid  region  may  be 
taken  to  include  the  remainder  of  North  Dakota,  South  Dakota, 
Nebraska,  Kansas,  Indian  Territory,  and  Texas.  The  arid  region 
embraces  Arizona,  Oalifomia,  Colorado,  Idaho,  Montana,  Nevada,  New 
Mexico,  Oregon,  Utah,  Washington,  and  Wyoming,  although  limited 
areas  in  several  of  these  States  and  Territories  may  be  classed  as 
humid. 

The  great  lack  of  water  in  the  subhumid  and  arid  regions  would 
naturally  indicate  a  relatiyely  large  development  of  sewage  irrigation 
in  those  portions  of  the  United  States.  As  a  matter  of  fftct,  however, 
other  conditions  than  mere  shortage  of  water  have  controlled— for 
instance,  the  degree  of  advancement  of  the  towns  themselves — and  we 
accordingly  find,  on  the  whole,  more  sewage  irrigation  and  general 
purification  in  the  humid  East  than  in  the  subhumid  and  arid  West 
The  Western  towns  are,  nevertheless,  advancing  rapidly,  and  we  may 
expect  changes  in  the  figures  in  the  near  ftature. 

The  following  paragraph  gives  the  approximate  statistics  of  sewage 
purification  in  the  TJnitied  States  to-day: 

In  the  humid  region  there  are  sewage-purification  plants  in  qperatioD, 
actually  building,  projected,  or  built  and  abandoned,  distributed  hj 
States  as  follows:  Maine,  1;  New  Hampshire,  2;  Massabhusetts,  32; 
Bhode  Island,  5 ;  Oonnecticut,  7 ;  New  York,  33 ;  New  Jersey,  11 ;  Penn- 
sylvania, 5}  Maryland,  1;  West  Virginia,  1;  Louisiana,  1;  Texas,  3; 
Ohio,  11;  Michigan,  2;  Illinois,  2;  Wisconsin, 2;^  Minnesota,  1;  a  total 
of  120  for  the  humid  region.  In  the  subhumid  there  is  1  in  Nebraska. 
In  the  arid  region  Arizona  has  1 ;  Colorado,  4;  Oalifomia,  8;  Montana, 
1;  Utah,  1;  Wyoming,  1,  or  a  total  of  16.  There  are  also  six  plants  in 
the  humid  portion  of  the  Dominion  of  Oanada.^ 

The  foregoing  figures  indicate  a  total  for  the  United  States  and 
Oanada  of  143.  About  120  of  these  plants  have  been  either  built  or 
projected  iu  the  last  ten  or  twelve  years.  This  total  includes,  so  Ikr  as 
can  be  learned,  all  the  purification  plants  of  every  kind,  whether 
irrigation,  intermittent  filtration,  or  combined  chemical-purification 
and  filtration  and  irrigation  plants,  either  actually  in  operation  now  or 
formally  projected  and  in  such  a  state  of  advancement  as  probably  to 
be  carried  out  in  a  few  years. 

The  intermittent-filtration  plants  are  properly  included  in  a  paper  on 
sewage  irrigation,  because  the  filtration  areas  either  now  are  used  for 
raising  crops  or  are  likely  in  the  end  to  be  so  used.  As  to  the  propriety 
of  including  the  chemical-purification  plants,  it  may  be  pointed  out  that 
this  system  of  purification  has  been  adopted  in  several  towns  before  ail 
the  controlling  conditions  were  taken  into  account.    In  one  case  an 


>  Aside  from  three  plan ta  for  purifying  nuumfaotiiring  wastes,  etc.,  there  are  only  twosewmge-dispottl 
works  in  Wisconsin. 

'The  foregoing  statistics  of  the  diatribatioii  of  sewag^^sposal  works  were  prepared  in  September, 
1S97.    A  t  the  preaent  date  (February,  18M)  there  «r«  a  lew  «\<^Uoiia. 
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eastern  town  has  adopted  chemical  purification  and  operated  the  plant 
at  large  expense,  in  spite  of  the  existence  of  ideal  conditions  for  irriga- 
tion and  filtration  in  the  immediate  vicinity.  It  is  probable,  therefore, 
that,  as  soon  as  the  advantages  of  irrigation  and  filtration  are  more 
folly  known,  a  namber  of  the  chemical-pnrification  plants  will  be 
changed  to  either  irrigation  or  filtration,  or,  without  a  complete  change 
of  plant,  the  efflaents  from  chemical-porification  works  will  be  further 
treated  by  either  irrigation  or  filtration.  This  proposition  is  especially 
tme  of  a  namber  of  chemical  plants  in  the  State  of  New  York,  where 
the  capitalized  cost  of  chemical  treatment  will  be  considerably  in  excess 
of  that  of  intermittent  filtration,  even  though  sand  of  the  proper  quality 
were  transported  some  distance  and  high-grade  filtration  areas  con- 
structed. It  is  in  this  view  of  the  case  that  the  statistics  of  chemical- 
purification  plants  are  herein  included.  There  are  also  a  number  of 
cities  and  villages  in  the  Eastern  part  of  the  United  States  where  crude 
sewage  is  discharged  into  ponds,  lakes,  and  running  streams,  which 
either  now  are  or  are  likely  in  the  future  to  be  the  source  of  public 
water  supplies.  In  the  end  the  sewage  of  all  such  will  require  purifi- 
cation. In  many  cases  proper  land  areas  can  be  had  in  the  immediate 
vicinity;  hence  we  find  an  additional  reason  why  a  complete  exhibit  of 
the  whole  subject  should  be  made  at  this  time.  All  town  authorities 
need  to  understand  that,  with  other  conditions  equal,  the  capitalized 
cost  of  the  land-purification  processes  is  ordinarily  less  than  that  of 
the  chemical.  Farmers  in  the  vicinities  of  towns  need  also  to  under- 
stand this,  as  well  as  the  benefits  to  themselves  to  be  derived  from  the 
utiLization  of  sewage  in  agriculture. 

ORIGIN  OF  SEWAGE  IRRIGATION. 

The  growth  in  England  of  great  manufacturing  industries  and  the 
consequent  i>ollution  of  the  streams  of  that  country  at  the  beginning  of 
the  present  century  forced  the  English  cities  to  consider  the  necessity 
for  sewage  purification  at  an  earlier  date  than  elsewhere.  Sewage  irri- 
gation as  a  branch  of  applied  science  may  therefore  be  said  to  have 
originated  in  England.  At  the  present  time  amore  general  useof  sewage 
purification  may  be  found  in  that  country  than  elsewhere,  although,  as 
we  have  seen  in  Water-Supply  and  Irrigation  Paper  No.  3,  the  Ger- 
mans and  the  French  have  now  extensive  sewage-pnrification  plants  of 
a  high  order  of  excellence.  Nevertheless  it  is  true  that  a  large  pro- 
portion of  the  data  of  sewage  disposal,  as  it  exists  to-day,  must  neces- 
sarily be  drawn  from  English  practice. 

COMPARISON  OF  ENGIilSH  AND  AMERICAN  SEWAGE. 

First  of  all,  it  is  necessary  that  we  establish  in  some  way  a  measure 
of  the  relation  which  average  English  sewage  bears  to  American.  The 
great  difficulty  in  making  comparisons  is  the  fact  that  the  Ew^lvelx 
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QhemistSy  following  the  lead  of  Dr.  Fnnkland,  hftve  moedy  used  fhe 
eombastion  process  in  their  sewage  analyses,  while  in  the  United  Stata 
the  Wanklyn  albominoid-aaunonia  prooess  has  been  atmost  exohuively 
need. 

By  way  of  explaining  the  terms  nsed,  it  mi^  be  pointed  oat  that  free 
ammonia  as  determined  by  the  Wanklyn  prdJoess  re^esents  that  por- 
tion of  the  nitrogenous  matter  present  which  has  already,  at  the  time 
of  analysis,  iwssed  into  a  state  of  decay;  whereas  tiie  albnminoid 
ammonia  represents  the  nitrogenous  matter  whidi  has  not,  at  the  time 
of  analjTsis,  undergone  decay.  These  are  the  two  main  detenninationB 
of  the  Wanklyn  process. 

In  the  combustion  process  Dr.  Frankland  attained  much  greater 
refinement  than  is  possible  with  the  albuminoid-ammonia  prooess  of 
Wanklyn,  and  the  only  reason  why  the  combustion  process  has  not 
been  universally  adopted  is  because  of  the  difficulty  of  working  it.  By 
its  use  we  determine  not  only  the  diflElerent  states  of  tlie  nitrogen,  bat 
tiiat  i)ortion  of  the  organic  matter  present  which  is  caibonaoeons  in  its 
character,  or,  technically,  the  organic  carbon.  Tlie  organic  nitrogen  of 
the  process  is  that  i)ortion  of  the  nitrogenous  matter  due  to  living  sub- 
stances, and  corresponds  in  a  general  way  with  the  albuminoid 
ammonia  of  Wanklyn.  The  ammonia  represents  dead  and  usually 
animal  matter,  and  is,  in  the  opinion  of  Dr.  Frankland|  the  chief  index 
of  recent  sewage  contamination. 

There  are  four  states  of  the  nitrogen  as  fbund  in  contaminated 
water— ammonia,  free  ammonia,  nitrite,  and  nitrate.  The  nitrates  rep- 
resent the  final  fibcation  of  the  ammonia  by  combination  with  a  mineral 
base,  and  hence  a  state  of  innocuousness.  By  a  comparison  of  these 
various  states  Dr.  Frankland  arrives  at  the  previous  sewage  contam- 
ination, which  is  one  of  the  most  interesting  determinations  of  his 
system.^ 

If  we  refer  to  the  various  reports  of  the  Bivers  Pollution  Oommission, 
the  Boyal  Oommission  on  Metropolitan  Sewage  Discharge,  or  the  Boyal 
Oommission  on  Metropolitan  Water  Supply,  or  to  the  various  reports 
of  the  English  local  government  boards,  we  find  the  analyses  usually 
given  in  terms  of  the  rombustion  process,  in  which  organic  carbon, 
organic  nitrogen,  ammonia,  and  total  combined  nitrogen  may  be  con- 
sidered the  chief  controlling  constituents.  Beferring  to  a  table  in  the 
first  report  of  the  Bivers  Pollution  Oommission,  on  pages  28  and  29, 
we  find  that  in  English  water-closet  towns  the  total  solids  in  solution 
in  the  sewage  amount,  on  an  average,  to  72.2  parts  per  100,000;  the 
organic  carbon  to  4.696  parts  per  100,000;  the  organic  nitrogen  to 
2.205  parts  per  100,000;  the  ammonia  to  6.703  parts  per  100,000;  the 
total  combined  nitrogen  to  7.728  parts  per  100,000;  and  the  chlorine 
to  10.66  parts  per  100,000.    Of  the  suspended  matters  the  minerals 

1  For  a  definitioii  of  these  several  elements  of  the  combustion  process  in  detail  the  reader  b 
referred  to  Becent  odvaoces  in  water  analy»es,  etc.,  \>y  tYie  awthox,  ixv  iLmerlcan  Monthly  MioitMcopi- 
aUJoam/U,  May,  1893,  p.  127. 
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amoanted  to  24.18  parts  per  100,000,  and  the  organic  to  20.50  parts  x)er 
100,000,  giving  a  total  of  44.69  parts.  If  we  bear  in  mind  that  free 
ammonia,  albuminoid  ammonia,  and  organic  nitrogen  refer  to  the  same 
things,  and  also  tliat  the  organic  nitrogen  is  usually  about  double  the 
albuminoid,  we  may  still  make  comparisons  which  are  close  enough 
for  the  ordinary  purposes  of  agriculturists. 

Comparing  several  series  of  analyses,  both  American  and  English,  it 
becomes  apparent  that  ordinary  town  sewage  in  England  is  usually 
considerably  more  concentrated  than  that  of  the  American  towns.  It 
is  very  important  to  bear  this  in  mind  in  applying  English  data  to 
American  conditions.  The  elaborate  experiments  conducted  by  the 
Massachusetts  State  board  of  health  at  Lawrence,  which  have  been 
reported  from  year  to  year  in  the  annual  reports  of  that  board  from 
1888  to  the  present  time,  indicate  that  there  is  a  relation  between  the 
purifying  capacity  of  different  filtrating  materials  and  the  amount  of 
imparity  which  can  be  removed  from  sewage  of  a  given  strength.  This 
point  is  strongly  brought  out  by  the  experiments.  It  follows,  then, 
that  if  we  prepare  special  areas  for  sewage  purification  in  accordance 
with  the  indications  of  the  Massachusetts  experiments,  we  may  ezi>ect 
to  apply  sowewhat  larger  volumes  of  average  American  dilute  town 
sewage  per  unit  of  area  than  has  usually  been  found  expedient  in 
English  practice.  If,  therefore,  we  use  English  data  without  reference 
to  the  quality  of  the  soil  to  which  the  sewage  is  to  be  applied,  or  of  the 
sewage  itself,  we  shall  be  likely  to  arrive  at  more  or  less  erroneous 
conclusions. 

As  a  summation  of  this  part  of  our  discussion,  we  may  say  that  the 
chief  object  of  sewage  purification  is  to  rid  the  sewage  of  a  thousandth 
part,  more  or  less,  of  the  organic  matter  which  it  contains,  and  that  all 
of  the  appliances  for  sewage  purification  and  utilization  may  be  con- 
sidered as  directed  toward  this  one  point. 

POIiliUTlON  OF  RIVERS. 

This  division  of  the  general  subject  has  been  discussed  in  Water- 
Supply  and  Irrigation  Paper  No.  3  under  the  general  head  of  "  Stream 
pollution.''  The  following  additional  information  is  herewith  presented 
by  way  of  extending  somewhat  the  discussion  there  given  :^ 

As  an  exceedingly  marked  case  of  river  pollution,  we  may  refer  to 
the  report  of  the  Passaic  Valley  Sewerage  Commission,  authorized  by 
an  act  of  the  New  Jersey  legislature  approved  February  26, 1896.  The 
report  of  the  commission  appointed  under  the  terms  of  this  act  was 
issued  in  February,  1897,  and  therefore  may  be  cited  as  one  of  the  most 
recent  extended  studies  on  stream  pollution  to  be  had. 

>  For  a  more  extended  discnfision  of  river- pollution  questions  the  reader  is  referred  to  River  pollntion 
ill  the  United  States,  by  Charles  C.  Brown,  a  paper  read  before  tlie  Engineers'  Clnb  of  St.  Loois, 
Jane  18, 1890,  and  published  in  the  Journal  of  the  Association  of  Engineering  Societies  for  October,  1800, 
Vol.  X,  No.  10,  p.  475,  and  to  Sewage  Disposal  in  the  United  States,  Chapter  III.  The  two  works  give, 
with  the  present  disonssioo,  the  bnlk  of  the  published  informaUoTi  aa  Xo  iVvot  vQ>X^\^ntk.VDL^2BL<^^'v^^w^ 
Stmtea. 
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At  its  head  waters,  among  the  hills  of  Somerset  Oounvf^  New  Jenef  , 
the  Passaic  Biver  is  a  pore,  clear  ranning  stream.  The  same  is  true  rf 
its  principal  upper  tributaries,  the  Bockaway  and  Pomp  ton  rivers;  and 
while  there  is  some  manufacturing  in  the  upper  valleys,  the  river  om- 
tinues  bright  and  inviting  until  it  reaches  Little  Falls,  at  which  place  it 
receives  the  drainage  from  several  residences  and  fiMstories.  After  pass- 
ing Paterson,  3  or  4  mUes  below  Little  FallB,  its  character  oompletoly 
changes,  and  from  that  point  to  Newark  Bay,  as  stated  by  the  Passsie 
commission,  ^<  its  i)ollution  is  enormous,  constant,  and  increasing  yearly." 
About  436,000  persons  now  inhabit  the  district  drained  by  the  lower 
river,  fhmishing  fhlly  70,000,000  gallons  of  sewage  a  day.  So  great  is 
the  extent  of  the  pollution  below  Paterson  that  fish  life,  exoq»t  a  fern 
hardy  kinds,  has  entirely  disappeared.  The  sewage-laden  mud  shores 
give  out  foul  odors.  Steam  users  rei)ort  that  the  acids  of  the  sewage- 
laden  water  have  so  afTected  their  boilers  as  to  make  its  use  unadvisa- 
ble.  Formerly  thousands  frequented  the  river  for  pleasure  purposes, 
but  this  is  no  longer  a  practice.^ 

In  1880  the  population  of  the  towns  dischaging  sewage  into  the  lower 
Passaic  Biver  was  246,503,  and  iu  1895  it  was  436,423. 

The  ratio  of  increase  in  population  of  the  lower  Passaic  district 
from  1880  to  1890  is  placed  at  43.2  per  cent,  and  fitmi  1800  to  1885  si 
22.6  per  cent.  The  river  now  receives  the  sewage  of  the  cities  of  Pat- 
erson, Passaic,  Orange,  and  Newark,  and  the  towns  of  Bast  Orange, 
Bloomfleld,  Montclair,  Harrison,  Kearny,  East  Newark,  and  part  of 
Butherford.  All  these  places  are  growing  rapidly,  and  sewerage  fEKsil- 
ities  for  a  number  of  other  places  are  an  admitted  necessity  of  the  early 
fature.  The  commission  therefore  considers  it  beyond  question  that 
the  x)ollution  of  the  lower  Passaic  is  sure  to  increase  enormously  unless 
remedial  measures  be  taken. 

As  a  summation  the  commissioners  state  : 

(1)  That  the  daily  discharge  of  70,000,000  gallons  of  sewage  into  the 
Passaic  Biver  below  the  Great  Falls  of  Paterson  is  beyond  its  power 
to  assimilate. 

(2)  That  through  the  stench  the  pollution  has  become  a  nuisance  to 
residents  along  the  banks,  and  has  caused  depreciation  of  property  and 
injury  to  health. 

(3)  That  fisheries  have  been  destroyed. 

(4)  That  the  river  has  ceased  to  be  desirable  for  pleasure  purposes, 
boating,  bathing,  etc.,  no  longer  possessing  the  park  value  which  so 
generous  a  stream  should  afford  the  large  population  on  its  banks. 

(5)  That  the  use  of  the  river  for  manufacturing  purposes  is  suffering 
on  account  of  the  pollution. 

(6)  In  short,  that  the  pollution  of  the  lower  Passaic  Biver  appears  to 
the  commissioners  to  be  completely  established  as  a  public  nuisance,  as 
injurious  to  health,  and  as  an  increasing  menace  to  property  interests 
from  the  Great  Falls  at  Paterson  to  below  Newark, 


'Alwtraot  from  rfport  of  Paftsaic  VaWey  ftcvfexa^o  comxniftftVou,  v^A^W 
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In  discussing  means  of  relief  the  commissioners  state  that  the  great 

progress  in  sanitary  science  of  recent  years  has  increased  the  demand 

for  thorough  methods  of  sewage  disposal;  hence  it  has  been  recognized 

in  !Barox)ean  coantries,  and  throughont  the  thickly  settled  part  of  the 

United  States,  that  methods  of  sewage  disposal  need  a  degree  of  care 

and  thoroughness  second  only  to  the  requirements  of  furnishing  the 

same  x>opulation  with  water  and  food.    After  reviewing  the  various 

methods  of  sewage  purification  the  commissioners  conclude  that  in  the 

present  case  the  conducting  of  the  sewage  to  tidal  waters  is,  on  the 

whole,  preferable.    Their  reason  for  this  conclusion  is,  largely,  that  the 

available  land  areas  in  the  Passaic  Valley  appear  poorly  adapted  for 

irrigation  and  filtration  processes.    On  this  x)oint  the  engineers  to  the 

commission,  Messrs.  A.  Fteley  and  Charles  E.  A.  Jacobson,  state  that 

the  only  lands  within  reach  of  sufficient  area  for  irrigation  works  are 

the  extensive  meadows  of  the  lower  Passaic  Valley,  but  unfortunately 

the  character  of  the  soil  is  so  compact  that,  even  with  extensive  and 

costly  underdrainage,  the  amount  of  sewage  which  could  be  disposed 

of  x>er  unit  of  area  would  be  so  small  as  to  require  many  thousands  of 

acres;  hence,  Messrs.  Fteley  and  Jacobson  consider  laud  disposal 

impracticable  for  the  lower  Passaic.    They  recommend  the  construction 

of  an  intercepting  sewer  at  an  estimated  present  cost  of  ¥6,500,000. 

The  yearly  cost  of  operation  is  placed  at  $125,000  in  1900  and  $300,000 

in  1930. 

An  extended  series  of  chemical  analyses  made  by  Herbert  B.  Bald- 
win, chemist  to  the  commission,  is  included  in  the  report.  In  consider- 
ing the  effect  of  the  sewage  on  the  condition  of  the  river,  it  is  pointed 
out  by  Mr.  Baldwin  that  the  average  discharge  of  sewage  is  a  fairly 
constant  quantity,  but  that  the  flow  of  the  river  is  not.  By  way  of 
illustrating  this,  we  may  point  out  that  the  flow  of  the  Passaic  River 
varies  at  Little  Falls  from  a  minimum  of  about  200  cubic  feet  to  a  max- 
imum of  about  20,000  cubic  feet  per  second.  The  drainage  area  above 
Little  Falls  is  773  square  miles.  Whenever  the  river  is  either  at  or 
anywhere  near  its  minimum  flow,  what  may  be  termed  the  point  of 
saturation  is  so  far  exceeded  that  the  river  inevitably  becomes  not  only 
a  nuisance,  but  a  menace  to  health.  On  the  one  hand,  the  clearing  of 
forests  tends  to  decrease  still  further  the  minimum  flow  and  to  increase 
the  length  of  the  low- water  period  from  year  to  year;  on  the  other 
hand,  the  growth  of  towns  and  the  extension  of  sewerage  works  tend  to 
increase  the  pollution.  Taking  the  two  together,  there  is,  therefore,  a 
more  rapid  increase  in  actual  stream  pollution  than  is  indicated  by  mere 
consideration  of  the  percentages  of  increase  of  the  quantity  of  sewage. 

Moreover,  the  upper  Passaic  is  the  natural  source  of  water  supply 
for  the  north  Jersey  municipalities,  and  the  probable  taking  of  an 
appreciable  part  of  the  stream  for  such  supplies  will  inevitably  tend  tQ 
aggravate  existing  conditions. 

Chapter  83  of  the  Beaolves  of  the  Massachusetts  li^gv&\«to«^  q>1\^^Tv> 
directed  the  State  board  of  health  to  investigat/^  titv^  ^►Wiifcwt^  ^'^^r 
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tion  of  the  meadows  on  Neponset  Biver,  and  submit  tbe  results  of  tiw 
examination,  together  with  recommendations  for  tiie  impxovemeDt  of 
the  sanitary  condition  of  the  meadows  and  the  removal  of  the  nnisanoe 
therefrom.  The  report  of  the  board's  engineers  was  made  under  date 
of  October  1, 1896. 

The  S^eponset  Meadows,  covering  an  area  of  3,682  acres,  of  which 
little  more  than  600  acres  appear  to  be  in  a  condition  adapted  to  sgri- 
cnltnre,  are  subject  to  prolonged  flooding  nearly  every  year,  and,  with 
an  increasing  pollution  of  the  stream,  have  become  a  serious  public 
nuisance.  The  object  of  the  report  of  the  Massachusetts  State  bosid 
of  health  referred  to  is  the  abatement  of  this  nuisance. 

The  S^eponset  Biver  is  connected  with  the  Charles  River  by  Mother 
Brook,  which  is  legally  entitied  to  receive  one-third  of  the  flow  of 
Oharles  Biver.  The  drainage  area  of  the  Neponset  Biver  at  its  month, 
including  one-third  of  the  watershed  of  the  Oharles  Biver  above  Mother 
Brook,  is  given  as  180.3  square  miles.  The  population  of  the  several 
towns  in  the  Nei>onset  Basin  above  the  lower  end  of  the  meadows  was, 
in  1886, 15,097;  in  1800, 17,361,  and  in  1805, 19,103.  These  towns  are 
provided  with  pi\][>lic  water  supplies,  but  none  of  them  have  as  yet  a 
general  system  of  sewerage. 

The  Neponset  Biver  may  be  divided  into  three  portions:  An  upper 
I>ortion,  above  the  great  meadows;  a  middle  portion,  including  the 
meadows  subject  to  overflow;  and  a  lower  i>ortion,  within  the  limits  of 
the  Boston  metroi>olitan  district. 

The  upx>er  portion  is  about  10  miles  in  length,  with  a  total  taSL  of 
about  220  feet.  Manufactories  and  mills  are  located  throughout  the 
valley,  and  the  river  is  highly  polluted  by  manufacturing  wastes.  The 
length  of  the  middle  i)ortion  is  11.25  miles.  In  much  of  this  portion  the 
river  has  very  little  fall  and  the  flowing  water  is  partially  purified  by 
dilution  with  water  from  purer  tributaries  and  by  sedimentation.  The 
lower  x)ortion  has  considerable  fall  to  tide  water,  and  has  high  banks 
occupied  by  factories  and  dwelling  houses.  Practically  all  the  water 
power  of  this  section  is  made  available  by  milldams.  The  minimum 
flow  of  the  stream,  as  determined  by  the  lowest  level,  reached  in  1895, 
is  about  54  cubic  feet  per  second. 

Chemical  analyses  of  the  water  of  the  Feponset  Biver  were  made  by 
the  Massachusetts  State  board  of  health  in  1873, 1875, 1885, 1891,  and 
1895.  A  tabulation  of  the  results  shows  a  much  more  serious  poUution 
in  1895  than  in  1875.  Thus,  in  1875,  at  the  Milton  lower  mills,  free 
ammonia  was  0.0112  part  per  100,000;  in  1891  it  was  0.0274  part;  and  in 
1895,  0.0526  part.  In  1875  the  albuminoid  ammonia  at  Milton  lower 
mills  was  0.0171  part  per  100,000;  in  1891,  0.0329  part;  and  in  1895, 
0.0342  part.  Chlorine  at  Milton  lower  mills  in  1875  was  0.46  part;  in 
1891, 1.18  parts,  and  in  1895, 1.47  parts. 

The  report  states  that,  in  order  to  improve  the  sanitary  condition  of 
tie  river  and  meadows,  it  will  be  iiece^%2bTy  to  ^t^v^nt  the  further  dis- 
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charge  into  the  stream  of  domestic  and  manufacturing  sewage,  unless 
it  has  been  previously  purified  sufficiently  to  prevent  offense  to  sight 
or  smell.  A  system  of  sewerage  was  provided  for  by  chapter  406  of 
the  Massachusetts  acts  of  1895,  by  means  of  which  it  will  be  possible 
in  future  to  prevent  the  pollution  of  tbe  river  below  the  great  meadows, 
after  some  provision  is  made  whereby  the  diversion  of  sewage  from  the 
river  into  the  sewers  is  made  compulsory  and  the  further  discharge  of 
manufEu^turing  wastes  is  prevented. 

The  town  of  Hyde  Park  is  located  on  the  Nepouset  Eiver,  just  below 
its  junction  with  Mother  Brook.  The  pollution  in  the  region  above  at 
the  present  time  is  caused  almost  entirely  by  the  discharge  into  the 
river  of  manufacturing  wastes,  generally  from  paper  mills  and  tanneries. 
Investigations  with  reference  to  the  purification  of  wastes  of  this  sort 
were  begun  by  the  Massachusetts  State  board  of  health  in  the  summer 
of  1895,  and  a  r^sum<^  of  the  results  will  be  found  in  the  foUowing 
pages.  The  published  results  indicate  that  it  will  be  feasible  to  purify 
the  manufacturing  wastes  satisfactorily  at  a  cost  sufficiently  small  to 
avoid  crippling  the  manufacturing  industries.  A  study  of  the  ques- 
tion of  the  purification  of  the  sewage  of  a  number  of  towns  naturally 
draining  into  the  Neponset  Biver  in  the  upper  valley  shows  that  the 
necessary  purification  can  be  best  accomplished  by  separate  treatment 
ai>on  land,  as  is  done  in  many  other  towns  in  Massachusetts. 

The  removal  from  the  river  of  the  crude  sewage  of  the  manufactur- 
ing establishments,  as  well  as  that  of  the  towns  in  the  valley,  will  tend 
to  improve  the  sanitary  condition  of  the  channel  of  the  stream  by  pre- 
venting further  deposition  of  organic  matter  ux)on  the  sides  and  bottom 
and  in  the  numerous  shallow  bays  and  coves. 

The  report  further  states  that,  in  order  to  improve  the  sanitary  con- 
dition of  the  meadows,  it  will  be  necessary  to  lower  the  level  of  the 
water  in  the  river  sufficiently  to  permit  the  satisfactory  drainage  of  the 
meadows  and  to  prevent  being  fiooded  during  the  summer  season.  To 
accomplish  this  it  is  considered  that  the  river  should  be  deepened  suf- 
ficiently to  carry  off  the  summer  flows  and  still  keep  the  water  surface 
below  the  level  of  the  meadows.  Applying  the  run-off*  data  of  the 
Sudbury  Eiver  watershed,  for  which  a  record  covering  twenty-one 
years  is  available,  it  appears  that  the  river  channel  should  be  enlarged 
enough  to  enable  it  to  carry  at  least  720  cubic  feet  per  second,  which 
would  be  sufficient  for  anything  except  a  summer  rainfall  in  excess  of 
that  of  August,  1889,  when  the  run-oft'  of  the  Sudbury  River  for  the 
month  amounted  to  2.55  inches  on  the  watershed,  the  rainfall  of  the  pre- 
vious month  of  July  being  8.94  inches  and  of  the  previous  August  4.18 
inches.  The  run  off-of  August,  1889,  of  2.55  inches,  was  the  largest  for 
any  summer  month  during  the  period  1875  to  1896,  covered  by  the  Sud- 
bury measurements.  In  1882  the  August  run-off  of  the  Sudbury  was 
only  0.10  inch.  In  1883  the  September  run  off  was  0.08  inch.  In  1883 
the  total  run  off  of  the  Sudbury  for   the  Bumm^t  ixvowWi^^  ^x^s^r^  Xf^ 
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Augasty  indosive,  wm  only  0^  inch.  In  1889  the  total  mn-off  of  tte 
munmer  months  was  4.81  inches.  According  to  the  report  of  the  eoi;!- 
neer,  an  examination  of  the  rainfoll  records  of  eastern  Masaachnsetto 
for  the  period  of  thirteen  years  indicates  that  summer  flows  as  heavy 
as  in  Angnsty  1889,  may  be  exi>ected  about  once  in  ten  to  fonrteea 
years;  while  for  about  two  or  three  times  in  a  century  it  may  happen 
that  the  flow  for  some  one  of  the  summer  months  will  be  ccmsidenMy 
in  excess  of  that  for  August,  1889. 

The  plan  for  draining  the  Nei)onset  Meadows  includes,  in  effisct,  the 
cutting  of  a  new  channel  across  a  number  of  sharp  bends,  thus  consid- 
erably shortening  the  length  and  increasing  the  slope.  It  also  indndes 
removing  the  flashboards  of  the  dam  of  the  Mattapan  Paper  Hill, 
which  is  situated  on  the  river  about  half  a  mile  up  the  stream  from  the 
north  line  of  the  town  of  Hyde  Park.  The  estimated  cost  of  the  river 
improvement,  not  induding  cost  of  land  and  water  damages,  is  $127,115. 
It  is  also  estimated  that  the  increase  in  valuation  of  the  3,655  acres  of 
meadow  resulting  from  this  improvement  would  amount  to  $101,330. 

In  concluding  his  rei)ort,  Mr.  Goodenough,  the  engineer  of  the  State 
board  of  health,  states  that  the  gain  in  valuation  of  the  meadows, 
produced  by  draining  them,  probably  does  not  represent  the  ftall  eco- 
nomic value  of  the  improvement.  By  leaving  the  river  and  meadows 
in  their  present  condition  they  become  not  only  a  source  of  annoyance, 
but  a  menace  to  the  health  of  those  living  in  the  vicinity,  and  ultimately 
unfavorably  affect  the  value  of  all  real  estate  in  the  vidnity.  Moreover, 
if  a  portion  of  the  improved  meadows  should  be  utilized  for  market 
gardening,  the  value  of  such  portion  would  be  much  greater  than  if  used 
for  hay  and  pasturage  alone. 

In  order  to  show  the  great  pollution  to  which  streams  in  manuflEM^tur- 
ing  districts  are  subject  from  the  discharge  of  manufacturing  wastes, 
we  may  farther  refer  to  the  report  on  river  pollution  in  Connecticut,  by 
Prof.  S.  W.  Williston,  firom  which  extracts  have  been  made  in  Water- 
Supply  and  Irrigation  Paper  Fo.  3,  first  considering  the  case  of  Quiniii- 
piac  River.  That  stream  has  a  drainage  area  of  about  150  square  miles, 
with  a  population  thereon  in  1800  of  fully  40,000.  Meriden,  the  chief 
city  of  the  drainage  area,  had  a  population  in  1880  of  15,540,  and  in 
1890  of  21,652. 

A  measurement  of  the  flow  of  the  Quinnipiac  River  made  August  3, 
1888,  gave  about  7  cubic  feet  per  second.  A  measurement  on  Monday, 
August  6,  before  the  mills  started,  gave  5.5  cubic  feet  per  second ;  at  10 
a.  m.  the  same  day  the  flow  was  nearly  20  cubic  feet  per  second.  The 
rainfall  is  such  that  in  ordinary  years  we  may  expect  fairly  uniform 
daily  stream  flows  in  the  vicinity  of  Meriden. 

In  1888  there  were  in  Meriden  23  manufacturing  establishments,  with 
5,708  employees,  of  whom  3,608  used  water-closets. 

In  a  year  these  manufactories  produce  the  following  amounts  of  ikA- 
lating  materials : 
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PoUuiing  materiaU  u$ed  by  manufaotoriet  in  Meridenp  Conneoiioui, 

iineral  acids pounds..  891,700 

akalies do....  108,500 

dinenJ  salts'. do 7,000 

inorganic  and  organic  oils gallons. .  18, 445 

Lsphaltom pounds..  1,000 

$oap do 7,000 

Cotton  waste do 2,000 

The  organic  matter  scoared  from  wool  is  stated  at  over  500  pounds 
laily.  The  total  amount  of  manufacturing  wast^  turned  into  the 
(tream  is  estimated  at  frx>m  2^  to  3  tons  daily,  one-fourth  of  which  is 
yrganic. 

At  Talesville  and  Wallingford  Professor  WiUiston  found  6  mann- 
lacturing  establishments,  with  1,060  employees,  of  whom  485  used 
^ater-closets.  The  x)olluting  material  used  jier  year  by  the  6  establish- 
nents  was  reported  as  follows : 

Polluting  materials  used  by  tnanufaotories  in  Yalesville  and  JVallingfard,  CanneotUmi, 

Pounds. 

Organic  matter  (about) 60,000 

kcids 173,000 

llkalies 41,000 

ifinerals  and  mineral  oils  (about) 90,000 

Total 354,000 

The  sewers  of  New  Britain,  Connecticut,  drain  partly  into  a  tributary 
>f  the  Quinnipiac  Biver  and  partly  into  a  tributary  of  the  Connecticut 
River.  The  population  of  New  Britain  in  1880  was  11,800,  and  in  1890, 
16,519.  Professor  Williston's  canvass  showed  12  establishments,  with 
$,075  employees,  using  water-closets  which  drained  into  Pipers  Brook, 
I  tributary  of  the  Connecticut. 

The  following  quantities  of  chemicals  per  year  were  discharged  from 
}hese  12  establishments  : 

Polluting  materials  discharged  from  manufactories  in  New  Britain,  Conneotioui, 

Ponndt. 

tfetal  salts 700,000 

Free  acids 100,000 

Lime  salts 85, 000 

UkalisalU 100,000 

3oap 25,000 

Patty  matter 100,000 

Vegetable  refuse 20, 000 

Total 1,080,000 

Waterbury,  the  chief  city  on  the  Naugatuck  Kiver,  in  Connecticut, 
tiad,  in  1880,  a  population  of  17,806,  and  in  1890  a  population  of 
28,646. 

In  1887,  26  manufacturing  establishments  employed  7,571  jiersons, 
)f  whom  7,140  used  water-closets. 
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The  annnal  pollution  from  mannlSEUStiiring  wastes  «t  Waterboiy  was 
placed  as  follows : 

Polluting  materiaU  dUekmrg^d  from  mam^f€uioHm  <»  ITufarftairy,  CommoottouL 


FraeaoidB 600,000 

MetftlBaltB 2,500^000 

Alkaline  salts 75^000 

Soap 60^000 

Fatty  matten 300,000 

Total ? 3,396,000 

A  large  amonnt  of  interesting  recent  information  in  regard  to  river 
I>ollutioTi  in  the  United  States  is  now  available,  but  lack  of  space  pre- 
cludes farther  reference  to  it  in  this  place.'  The  examples  given  wiD 
serve  to  illustrate  the  immense  amount  of  polluting  wastes  that  are 
daily  being  thrown  into  the  rivers. 

SEWAOE     PUBIFICATION'    AT    MAIOJFACTUBIKO     ESTAB- 

'8. 


In  England  -the  pollution  of  streams  from  manufEMSturing  wastes 
became  very  serious  many  years  ago,  and  as  the  result  of  cardiil 
consideration  of  this  special  phase  of  stream  poUution  a  number  of 
sewage-disposal  plants  have  been  devised,  especially  with  reference  to 
purifying  the  sewage  of  each  manufacturing  establishment  at  the  mill 
A  large  amount  of  information  in  regard  to  such  plants,  with  detailed 
plans,  may  be  found  iu  the  fourth  report  of  the  Bivers  Pollution  Com- 
mission. As  American  examples,  a  number  of  cases  cited  by  Mr. 
Clark  in  his  report  to  the  Massachusetts  drainage  commission^  together 
with  several  recent  ones,  may  be  mentioned. 

(1)  The  Wansucb  Mills  at  Providence,  Bhode  Island,  mannflscture 
woolen  and  worsted  goods  extensively.  The  yearly  amount  of  refuse 
contained  in  the  waste  water  from  this  mill  is  stated  to  include  about 
64,000  pounds  of  dyestuffs,  1,000,000  pounds  of  alkali,  4,000  pounds  of 
acid,  53,000  pounds  of  fuUer^s  earth,  and  400,000  pounds  of  grease.  The 
waste  water  which  contains  this  polluting  material,  and  which  origi- 
nally flowed  directly  into  West  River,  is  stated  as  about  400,000  gallons 
a  day.  A  dyeing  and  bleaching  company  located  on  the  stream  below 
the  Wansuch  Mills  brought  suit,  alleging  serious  injury  to  its  oper- 
ations. After  protracted  litigation  the  supreme  court  granted  a  per- 
manent injunction.  In  compliance  with  the  injunction  attempts  were 
made  to  purify  the  waste  water  before  permitting  it  to  enter  the  river. 
For  this  purpose  an  acre  and  a  half  of  land  was  prepared  for  filtration 


*  See  the  annaal  reports  of  the  several  State  boards  of  health.    The  aunnal  reports  of  the  Provindal 

Board  of  Health  of  Ontario  may  also  be  referred  to.    As  farther  illustrating  the  poUation  of  stream* 

by  mill  wastes,  reference  may  be  made  to  the  Eighty -third  Annual  Report  of  the  Philadelphia  Water 

Department  (1885),  pages  308, 309,  where  the  detail  of  the  daily  wastes  from  an  extensive  carpet,  blanket, 

Mnd  cloth  mill  m&y  he  foand.    The  8«me  data  are  aVno  given  on  page  64  of  Sewage  Diapoeal  in  the 

Uaited  StMtea.    See  alao  the  report  of  the  Second  KivurA  VoUvxXion  ^T&s&2a«iQu. 
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by  making  farrows  4  feet  apart  on  the  surface.  This  process  was  fairly 
snccessfhl  when  first  tried,  but  the  land  soon  became  clogged  on  the 
surface.  The  filtration  process  was  then  abandoned,  although  it  seems 
clear  from  present  information  that  with  a  larger  area  it  could  have 
been  made  successful.  Purification  by  chemical  precipitation  was  then 
adopted  and  has,  so  far  as  known,  been  continued  siuce.  For  this 
purpose  a  set  of  six  connected  basins  was  excavated  on  the  land  pre- 
viously used  for  filtration. 

It  is  stated  that  about  a  barrel  of  lime  is  added  to  each  100,000  gal- 
lons of  waste  before  pumping  to  the  precipitation  basins.  This  addi- 
tion is  made  rudely,  without  either  previously  grinding  or  slacking  the 
lime.  The  mill  wastes  fiow  continuously  through  the  basins,  with 
most  of  the  deposition  taking  place  in  the  first  basin.  The  efiluent 
from  the  last  basin  is  said  to  appear  to  the  eye  about  as  foul  as  when 
it  enters;  this  apparently  indicates,  in  view  of  the  satisfactory  results 
gained  elsewhere,  defects  in  the  practical  management  of  the  process. 
In  the  beginning  sulphate  of  alumina  was  used  as  a  precipitant,  at  a 
cost  of  about  $6,000  per  year  for  the  whole  amount  treated,  which,  how- 
ever, was  considered  too  great  an  expense. 

(2)  At  the  Loraine  mills,  Saylesville,  Khode  Island,  a  method  of  wool 
scouring  is  practiced  by  which  the  grease  is  recovered  and  most  of  the 
dirt  is  eliminated  from  the  wash  water  before  it  is  permitted  to  escape. 
The  results  at  this  mill  indicate  the  recovery  of  about  a  ton  of  grease 
from  each  18,000  pounds  of  wool  washed.  The  cost  of  the  plant  for 
accomplishing  this,  not  including  buildings,  was  $2,500.  The  process 
is  considered  remunerative. 

(3)  Two  mills  in  Millbury,  Massachusetts,  each  scouring  about  1,000 
pounds  of  wool  per  day  in  the  grease,  retain  the  first  scour  in  vats, 
which  are  cleaned  periodically  and  their  contents  used  as  fertilizer. 
The  process  is  considered  remunerative  at  these  mills. 

(4)  At  the  woolen  mills  of  Robert  Bleakie  &  Co.,  Hyde  Park, 
Massachusetts,  about  3,000  pounds  of  wool  are  scoured  daily,  the 
refuse  fr^m  which,  together  with  sewage  and  dyeing  wastes,  fiows  into 
a  settling  basin,  whence  the  effluent  passes*  into  the  stream.  The 
settling  basin  consists  of  a  cemented  structure  80  feet  long,  10  feet 
wide,  and  3.5  feet  deep;  it  is  cleaned  at  intervals  and  the  sludge  is  used 
for  fertilizer,  yielding  for  this  purpose  an  estimated  value  of  several 
hundred  dollars  a  year. 

(5)  At  Maxwell's  tannery,  Winchester,  Massachusetts,  a  mechanical 
filter  is  used  for  straining  bark  and  coarse  lime  from  tannery  wastes. 
The  filter  consists  of  a  wooden  box  about  4  feet  wide,  2  feet  deep,  and 
60  feet  long,  divided  into  compartments  filled  with  hay,  through  which 
the  waste  water  filters.  The  effluent  generally  is  clear,  but  of  a  deep 
mahogany  color. 

(6)  The  Kemasket  mills  at  East  Taunton,  Massachusetts,  applied  to 
the  State  board  of  health  in  1891  for  advice  with  refec^uc^  to  d\&^^vci^ 
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of  the  sewage  of  the  milL  The  board  otlviseit  that  the  waste  water 
ftom  the  Binks  be  kept  entirely  t>eparate  from  otber  wastes  and  coa- 
doeted  to  a  tight  oeaspool  with  au  overtlow  tlmrefrom  ioto  a  filteriog 
trench  on  the  bank  of  the  river.  Also,  that  privies  be  provided  m 
which  all  exeremeataceons  matters,  both  solid  anil  liquid,  be  retained 
in  water-tight  Taolta,  to  be  cleaned  frum  time  to  time,  aud  the  depostu 
bnried  in  the  ground  not  less  than  100  feet  from  the  TaontoD  Bivei. 
The  board  ezpreesed  the  opiuiou  that  by  carryiag  out  this  plan  iht 
water  supply  of  the  city  of  Taunton,  which  is  taken  from  Taonton 
Kver  below  the  N'emaaket  DtiHa,  would  not  be  contaminated  by  the  milJ 
wastes. 

(7)  The  Menominee  Biver  Valley,  in  Wisconsin,  a^acent  to  the  dtj 
<tf  Hilwankee,  baa  been  badly  polluted  for  a  uumber  of  years  by  waatw 
from  large  manofikoturlng  feHtablishments  as  well  as  from  the  pnblic 
institntiooB  of  Miiwaokee  Omnty.  lu  1393  the  Wiscousiu  legtalatnie 
instructed  tiie  State  board  of  health  to  prepare  plans  and  estimateB  for 
a  sewerage  system  to  serve  this  district.  It  also  enacted  further  ]egi§- 
latton,  requiring  all  sewage  to  be  littered  or  otherwise  purified  to  tbe 
satisfaction  of  the  State  board  of  health  before  beiug  discharged  iato 
tlie  stream.  The  act,  however,  failed  to  provide  fnnds  for  preparing 
the  plans,  but  most  of  the  maanfacturing  establishments  and  public 
inatitutious  have  voluntarily  introduced  some  method  of  treating  theii 
sewage.  A  recent  letter  from  Dr.  U.  O.  B,  Wiugaie,  woretaKy  of  tiw 
Wisconsin  State  board  of  health,  indicates  Uiat  the  reralta  abtaiofld 
have  been  hardly  satia&ctory  on  account  of  adverse  deoiriiHiB  ot  the 
Wisconsin  courts '  as  to  the  powers  of  the  Stat«  board,  which  have 
operated  to  prevent  such  supervision  of  sewage-disposal  projects  in 
'Wisconsin  as  is  now  common  in  the  more  advanced  States  of  the  EaM 
and  middle  West. 

The  following  are  some  of  the  particulars  of  the  works  actually  con- 
stmcted.  At  Schmidt's  curled-hair  works  the  solid  matter  of  the  liqoid 
wastes  is  first  screened  oat  and  the  effluent  then  discharged  npon  poroOB 
soil,  where  it  disappears.  A  similar  system  is  in  operation  at  MoBride'a 
eanltai'ium. 

The  National  Soldiers'  Home,  with  over  2,000  inmates  and  a  daily 
flow  of  sewage  of  about  270,000  gallons,  constructed  an  intermittent 
filtration  system,  the  permanent  success  of  which,  however,  is  said  to 
be  doobtfiil  because  of  the  character  of  the  soil  of  the  filter  areas. 

At  the  shops  of  the  Chicago  and  Northwestern  Bailway  Company  at 
Merrill  Park  a  fiimace  has  been  provided  for  cremating  the  excrements. 

The  pnblic  institutions  of  Milwaukee  County  and  the  Miller  Brewing 
Company  have  constructed  combined  chemical  precipitation  and 
mechanical  filtration  plants.  The  conuty  institutions  consist  of  a  hos- 
pital, almshouse,  two  insane  asylums,  etc.,  having  in  all  over  1,000 
inmates.    Tbe  flow  of  sewage  is  placed  at  from  250,000  to  400,000 

'  Sea  also  SIxtMUth  Ann.  Aept.  W\kiis*Vd  SuAc  W>u&  d(  hsiUli. 
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gaDons  a  day.  The  sewage  is  first  treated  with  lime  and  sulphate  of 
alumina,  and  is  subsequently  filtered.  The  works  are  said  to  reoeiye 
daily  attention  firom  a  chemist,  and  thus  far  have  furnished  a  clear 
effluent,  free  from  odor,  which  does  not  undergo  a  secondary  decompo- 
sition. However,  according  to  information  in  Engineering  News  of 
January  13, 1895,  it  appears  that  this  plant  is  not  doing  the  work  as 
thoroughly  as  it  should  because  of  overcrowding  and  too  infrequent 
cleaning.  The  plant  was  originally  designed  to  treat  480,000  gallons  of 
sewage  in  twenty-four  hours,  which  would  certainly  be  a  very  large 
quantity  from  1,000  inmates,  even  at  insane  asylums.  If  the  present 
works  actually  have  a  capacity  of  480,000  gallons  in  twenty- four  hours, 
or,  what  is  the  same  thing,  a  capacity  for  treating  480  gallons  per  capita 
per  diem,  they  certainly  ought  to  take  care  of  the  sewage  from  these 
institutions.  The  mechanical  filter  is  said  to  be  composed  of  limestone, 
Florida  moss,  and  iron  manganese.  We  understand  that  the  process  is 
patented,  but  probably  does  not  represent  the  best  practice  in  sewage 
purification  at  the  present  time,  which  may  be  the  real  reason  for  its 
fittling  to  do  the  work  properly. 

The  Miller  Brewing  Company,  which  produces  perhaps  160,000  gal- 
lons of  sewage  a  day,  has  a  similar  plant,  the  effluent  from  which  is 
stated  to  be  so  unsatisfactory  as  to  undergo  secondary  decomposition. 

In  a  letter  to  Engineering  News  dated  January  21, 1896,  Dr.  Win- 
gate,  the  secretary  of  the  Wisconsin  State  board  of  health,  states  that 
two  of  the  plants  which  have  been  built  in  the  Menominee  Valley  are 
satisfactory  in  their  construction,  but  their  management  is  unsatisfac- 
tory. He  also  states  that  the  managers  of  the  different  institutions 
and  manufacturing  establishments  have  apparently  the  idea  that  con- 
structing a  plant  is  all  that  is  necessary,  that  they  have  not  furnished 
the  necessary  agents  and  help  to  keep  the  plants  in  proper  condition, 
and  that  they  have  not  managed  them  properly.^ 

Experience  abroad  has  fully  shown  that  purification  works  require 
attention ;  indeed,  our  own  exjierience  on  this  point  is  now  so  frdl,  that 
it  seems  unnecessary  for  Americans  to  experiment  further  in  that 
direction. 

(8)  In  Ohio  stream  pollution  from  manufacturing  wastes  has  assumed 
some  imx)ortance,  and  the  State  board  of  health  of  that  State  has 
investigated  a  number  of  cases  of  such  pollution,  one  of  which  may  be 
referred  to  here.  The  Scioto  Straw- Board  Company,  of  Kenton,  Ohio, 
discharges  the  wastes  from  its  mill  into  the  Scioto  Kiver.  Complaints 
having  been  made  to  the  State  board  of  health  that  such  discharge 
caused  a  public  nuisance,  an  investigation  was  made  in  the  summer  of 
1886.  The  following  analyses  of  water  from  the  Scioto  Biver  at  Kenton 
indicate  the  extent  of  the  pollution.    In  considering  the  significance  of 

■In  •  letter  to  the  anthor,  dated  August  6. 1897,  Dr.  Wlngate  states  that  a  drainage  commlsaioii  hat 
been  appointed  to  report  to  the  next  legislature,  which  will  consider  the  whole  question  of  Menominee 
Valley  sewage  disposal. 
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these  analyses  it  should  be  nnderstood  that  the  Scioto  Biver  at  Kenton 
is  little  more  than  a  respectable  brook.  The  average  fall  does  not 
exceed  1  foot  per  mile  for  30  miles.  Analysis  No.  1  is  water  from  the 
Scioto  River  above  the  mill;  No.  2,  water  from  below  the  miU,  and  No. 
3,  from  La  Bae,  a  few  miles  below. 

Analyses  ofwatsrfrom  Scioto  River  near  Kenton. 

[Grains  per  gaUon.] 


Number. 

Lime. 

Chlorine. 

Mineral. 

Organic  and 
roUtile. 

Totalsdida. 

1 

o.  <k5 
63.32 
13.33 

0.25 
6.49 
1.45 

20.30 
84.09 
31.26 

9.68 

130.63 

18.19 

29.96 

2 

214.73 

3 

49.45 

So  far  as  can  be  learned,  the  great  increase  in  pollution  of  the  stream 
did  not  affect  the  health  of  people  living  in  the  vicinity,  although  the 
fish  in  the  stream  were  killed  and  there  was  at  time  of  low  water  a 
serious  effluvium  nuisance.  The  remedy  was  the  constructioii  of  a 
settling  tank  of  from  3  to  5  acres.  As  to  whether  or  not  this  has  proved 
satisfactory  there  is  no  information  at  hand.* 

(9)  The  waste  waters  at  Tid's  tannery,  Stoneham,  Massachnsetts, 
were  treated  chemically  during  the  years  1894  and  1895.  The  following 
results  were  obtained  in  the  latter  year.  The  total  quantity  of  sewage 
pumped  was  4,990,924  gaUons,  to  which  were  applied  as  a  precipitant 
71,760  pounds  of  sulphate  of  alumina.  The  sludge  amounted  to  648,820 
gallons,  or  13  per  cent  of  the  sewage.  It  was  disposed  of  to  neighbor- 
ing farmers,  who  carted  it  away  for  fertilizer.  These  works  were  first 
operated  in  1893,  by  the  city  of  Boston,  in  order  to  protect  the  Upper 
Mystic  Lake. 

(10)  At  Fitzgerald's  tannery,  also  in  Stoneham,  Massachusetts,  a 
series  of  precipitation  tanks  were  constructed  by  the  owner  in  1895, 
arranged  in  such  manner  that  the  heavy  particles  of  waste  matter  will 
settle  as  the  sewage  flows  from  one  tank  to  another  over  separating 
partitions.  In  1895,  however,  the  quantity  of  sewage  having  increased 
to  about  10,000  gallons  daily  in  August,  it  was  found  necessary  to  use 
more  chemical  than  the  lime  naturally  present  in  the  sewage.  Tbe 
owner  thereupon  constructed  a  vat  for  chemicals,  and  the  Boston  water 
department  furnished  and  applied  sulphate  of  alumina  to  the  extent  of 
10,520  pounds  from  August,  1895,  to  January,  1896.  The  effluent  from 
both  these  tanneries  in  Stoneham,  while  still  highly  colored  from  the 
tan  bark,  is  stated  to  be  on  the  whole  fairly  satisfactory.  The  use  of  a 
larger  amount  of  chemicals  would  remove  an  additional  amount  of 
color,  but  at  such  increased  cost  as  is  considered  not  to  be  justified 
by  the  circumstances. 


'Tbe  Ohio  State  board  of  health  isnaod  in  189J^  a  PToViTOVwa-T-j  x^bv^'kTl  ot  viti  Vo.N«».V\^'».^<5iw  of  rivers, 
eio.,  of  Ohio,  which  gives  much  information  about  lUv  wvvX<?ts  ol  V\i»,x. 'SVAXt. 
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MASSACHUSETTS  EXPERIMENTS  ON  THE  FUBIFICATION 

OP  PACTOBY  WASTES. 

In  the  report  of  the  Massachusetts  State  board  of  health  for  1895  the 
results  of  inyestigations  as  to  the  disposal  of  waste  liquors  from  yarious 
indastrial  processes  are  given.  Among  others  may  be  found  a  discus- 
;ion  of  the  results  obtained  in  the  purification  of  the  waste  liquors  firom 
)aper  making,  wool  scouring,  and  tanning. 

PAPER-MILL  WASTES. 

The  experiments  on  purification  of  paper-mill  wastes  included  the 
ipplication  for  some  time  to  a  filter  containing  60  inches  in  depth  of 
)and  of  the  effective  size  of  0.25  millimeter  of  the  waste  liquor  result- 
ng  from  cleansing  rags  in  a  paper  miU  by  means  of  a  boiling  solution 
>f  caustic  soda  and  lime.  The  rags  cleaned  are  of  all  kinds  and  colors, 
sind  the  resulting  liquor,  as  stated,  is  very  highly  colored.  It  was 
supplied  to  the  filter  at  an  average  rate  of  65,500  gallons  per  acre  daily, 
with  the  result  of  great  improvement  in  the  appearance  and  analysis, 
although  the  effluent  as  it  fiows  from  the  filter  is  still  highly  charged 
with  organic  matter  in  solution.  The  following  is  the  analysis  of  the 
applied  liquor:  Free  ammonia,  2.3  parts  per  100,000;  albuminoid 
ammonia,  4.1  parts;  chlorine,  20  parts;  oxygen  consumed,  140  parts. 
The  effluent  shows:  Free  ammonia,  1.8  parts  per  100,000;  albuminoid 
ammonia,  2.29  parts;  chlorine,  12.59  parts;  nitrogen  as  nitrates,  0.105 
part,  and  as  nitrites,  0.0067  part;  oxygen  consumed,  84.36  parts.  The 
nitrates  and  nitrites  in  the  applied  liquor  are  nil.  It  is  clear,  therefore, 
that  some  considerable  nitrifying  action  has  taken  place  in  the  filter, 
but  it  is  the  opinion  of  the  board  that  the  degree  of  alkalinity  is  so 
high  as  to  prevent  the  full  eitect  of  nitrification. 

WOOL-SCOURING  WASTES. 

The  waste  liquors  of  wool  scouring  were  applied  to  a  filter  with  the 
same  depth  of  sand  and  effective  size  of  grains  as  in  the  previous  case, 
at  the  rate  of  17,000  gallons  per  acre  daily.  The  results,  so  far  as 
obtained,  show  that  while  a  considerable  improvement  of  such  a  liquor 
can  be  obtained  by  intermittent  filtration,  still,  owing  to  clogging  of 
the  upper  layers  of  the  sand,  it  appears  desirable  that  a  preliminary 
treatment,  to  remove  a  part  of  the  dirt  and  fatty  matters  before  filtra- 
tion, should  be  applied.  The  average  analyses  of  the  waste  liquor 
from  wool  washing  and  of  the  effluent  were  as  follows:  The  applied 
liquor  contained  17.3  parts  of  free  ammonia  per  100,000;  albuminoid 
ammonia,  43.1  parts;  chlorine,  60.13  parts;  oxygen  consumed,  232 
parts.  The  effluent  contained:  Free  ammonia,  27.8  parts  per  100,000; 
albuminoid  ammonia,  8.3  parts;  chlorine,  47  parts;  nitrates,  0.28  part, 
and  no  nitrites;  oxygen  consumed,  90  parts.  The  applied  liquor  was 
entirely  free  of  both  nitrates  and  nitrites.    A  refiltration  of  the  effluent 
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from  tbe  preceding  experiineut  oq  waste  li(|aor  from  wool  sooaring  vti 
made  ttarongh  tiro  fllters,onc  coutaining  (iO  iuches  ia  depth  of  sand  of  tlie 
Bame«lt*ectivemzeof  grain  na  lieforeand  tlie  other  contaiuiug  GO  inches 
in  d^tli  of  coke  breeze.  The  offlneut  vras  applied  to  the  two  filttra 
ftw  three  months,  at  the  rate  of  50,000  gallons  per  acre  daily.  The 
liqaor  passed  through  both  the  sand  filter  and  the  coke  breeze  very 
little  changed,  thus  showing  not  only  the  stable  character  of  tie 
organic  matters  present,  but  that  the  high  degree  of  alkaliiiity  v^ 
probably  prejudicial  to  nitrification. 

Ad  experiment  was  alno  made  aa  to  tbe  treatment  of  the  waste  liquor 
from  wool  scoariug  by  the  pi-eliininary  precipitation  of  tbe  fat  and  diit 
by  means  of  ealcinm  chloride,  followed  byiutermitteut  filtration.  Thia 
tnatnieut  give«  an  almost  complete  clariliiatioo  of  the  liqoor,  but  it 
passed  through  a  filter  5  feet  in  depth,  with  effective  siz«  of  sand  gnin 
of  0^5  millimeter,  with  very  little  change. 

TANNERY    WASTES. 

lo  order  to  test  the  efficiency  of  intermittent  filtration  as  applied  to 
taonery  wastes,  an  expurimentul  filter  hasl>eenset  up  at  Norwood, Xw- 
sachasetts.  On  ac<M)unt  of  the  Cfmditiuua  imposed  by  the  location,  tbe 
filter  has  only  2  feet  of  sand,  the  effective  size  of  tfao  sand  grain  being 
0.14  milliineter.  The  Hewage  apjtlied  is  a  mixture  of  the  want**  liqnors 
from  bII  the  processes  carried  on  in  the  tannory;  and  it  was  applied  to 
tiliB  shallow  filter  at  an  average  rate  of  55,000  galloas  per  acre  daily. 
The  results  obtained  were  as  follows:  The  applied  sewage  contained 
3.1  parts  of  free  ammonia  per  100,000;  albuminoid  ammonia,  3.11!  parts: 
chlorine,  -3lL'  parts;  nitrates,  0.16  part;  nitrites,  0.0015  part;  oxygen 
oousniued,  5{>  parto.  TheeDiueut  uoutaiuod;  Free  aiumouia,  2.^  parte 
per  100,000;  albuminoid  ammonia,  0.6  pott;  chlorine,  290  parte; 
nitrates,  1.05  parts;  nitrites,  0,01  part;  oxygen  cousamed,  7.B  parts. 

This  sewage  is  said  to  be  very  strong  and  offensive,  containing  decay- 
ing animal  tissaes  and  the  bran  added  to  cause  fermentation.  It  is 
also  colorcid  by  the  dyes  ased  in  Qnishing  the  hides,  which,  after  a  few 
weeks,  tbe  filter  lailed  to  remove  completely.  The  applied  sewage  did 
not  contain  any  amount  of  the  spent  tan  liqaor.  The  antiseptic  qnali- 
ties  of  tbe  tannic  acid  woold,  without  donbt,  be  very  pngudidal  to 
nitrification. 

In  cleaning  hides  a  large  amount  of  lime  is  used,  in  oonseqnoioe  of 
which  in  large  tanneries  there  is  an  almost  continaoas  stream  of  lime 
water  flowing  into  and  mixing  with  the  other  waste  liquors.  By 
properly  arranged  settling  tanks  and  the  regolation  of  this  Ume  water, 
it  is  the  opinion  of  the  Massachusetts  board  that  a  large  percentage  of 
the  sludge  could  be  precipitated  out.  Experiments  show  that  probably 
VO  per  cent  of  tbe  organic  matter  can  be  removed  in  this  way,  althon^ 
even  then  the  resnltiug  supernatant  sewage  would  still  remain  veiy 
rich  ia  orgaiiic  matter  in  solution. 
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^Tbe  sapematant  sewage  from  such  treatment  was  applied  to  a  small 
ber  at  the  average  rate  of  120,000  gallons  a  day.  After  several 
JKmtlis'  operation  this  filter  is  stated  to  be  in  a  state  of  active  nitrifica- 
ion,  giving  a  clear  and  nearly  odorless  efflaent.  It  is  the  opinion  of 
he  Massachasetts  board  that  by  treatment  of  tannery  sewage  on  this 
Ine  it  may  be  efficiently  purified  by  filtration. 

DYESTUFFS. 

Among  the  many  experiments  carried  out  at  Lawrence,  perhaps  as 
nteresting  as  any,  are  those  relating  to  the  filtration  of  sewage  contain- 
Dg  dyestaffs.  This  division  of  the  sewage  question  is  specially  inter- 
sting  because  of  the  largo  number  of  manufacturing  establishiiients 
^  various  places,  the  refuse  from  which  usually  passes  without  treat- 
Dent  into  streams.  In  England  this  phase  of  sewage  purification 
Mcame  of  considerable  importance  early  in  the  present  century, 
)ecaase,  generally  speaking,  the  streams  of  Englaud  are  small,  and 
nren  sixty  years  ago  a  number  of  them  had  become  badly  polluted  by 
ihe  waste  dyes  from  woolen,  cotton,  and  other  fabric  mauufEUStnring 
tttablishments.  As  illustrating  the  conditions  twenty-five  years  ago, 
ihe  Second  Bivers  Pollution  Commission  gives  in  its  third  report  a 
eprodnction  of  a  memorandum  written  with  the  water  of  the  river 
}alder  at  a  point  where  the  Wakefield  sewer  enters  that  stream.  This 
uemorandum  reads  as  follows:  '< Dedicated  without  permission  to  the 
ocal  board  of  health,  Wakefield.  This  memorandum  written  with  water 
aken  from  the  point  of  junction  this  day,  between  the  river  Calder  and 
he  town  sewer.  Could  the  odor  only  accompany  this  sheet  it  would 
idd  much  to  the  interest  of  this  memorandum.'' 

The  condition  of  the  river  Oalder  has  been  improved  in  recent  years 
^y  the  construction  of  a  number  of  sewage  purification  works  along  its 
Minks,  although  when  seen  by  us  in  October,  1894,  it  was  still  far  from 
>eiug  a  limpid  stream. 

Without  going  into  the  detail  of  the  Massachusetts  experiments  on 
he  filtration  of  various  dyes  used  in  fabric  manufacturing,  we  may 
imply  state  that  indigo  extract,  logwood  extract,  alizarin  base,  archil  B, 
'ose  azurine,  benzo-azurine,  methyline  blue,  orange  2  H,  magenta,  mala- 
chite green,  and  scarlet  2  E,  when  applied  at  varying  rates— frt>m 
;35,000  gallons  per  acre  of  archil  B  to  1,280,000  gsJlons  per  acre  of 
nethyline  blue — gave  an  effluent  absolutely  free  from  color.  Scarlet 
)  B  applied  at  the  rate  of  1,076,000  per  a(;re  gave  an  effluent  as  highly 
^lored  as  the  applied  sewage,  but  when  applied  at  the  rate  of  720,000 
gallons  per  acre  the  effluent  was  without  color.  Patent  blue,  when 
ipplied  at  the  rate  of  56,000  gallons  per  acre,  gave  a  slight  color;  it 
dso  gave  a  slight  color  when  applied  at  the  rate  of  160,000  gallons  per 
kcre,  but  when  applied  at  the  rate  of  from  335,000  gallons  per  acre  to 
^,000  gallons,  it  gave,  in  each  case,  a  strongly  colored  effluent. 

Indigo  extraet,  logwood  extract,  alizarin  base,  and  tttc:^\iW^  ^s^  ^^^k^Xr^ 
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colors.  The  others  are  coal-tftr  colon  in  coneentnited  fiMnii.  In  mak 
of  the  experiments  the  removal  of  the  ooloTy  as  already  stated,  im 
complete,  as  tested  by  viewing  the  effluents  in  tabes  of  firom  200  toOOO 
millimeters  depth. 

Considering  the  large  qnantities  of  dyestnfh  appUed  in  fhese  experi- 
ments, the  conclnsion  may  be  drawn  that  dyes  as  likely  to  exist  in 
ordinary  city-  sewage  are  easily  amenable  to  filtration  treatment 

SPECIAL  BXPBRIMBNTS. 

In  the  coarse  of  the  experiments  at  Lawrence  a  namber  were  made 
as  to  the  effect  of  antiseptics,  as  well  as  other  sabstauoes,  upon  nitrifi- 
cation. Some  of  the  more  important  of  these  experiments  may  be 
briefly  referred  to. 

(1)  For  several  weeks  a  considerable  qaantity  of  egg  albnmeni  a  sob- 
stance  nearly  insoluble  in  water,  was  applied  in  one  of  the  experimental 
tanks,  the  object  being  to  deternune  to  what  extent  it  wonld  be  ren- 
dered soluble  and  converted  into  tree  ammonia.  The  indications  of  tiie 
first  experiment  were  that  aboat  61  per  cent  of  the  total  nitrogen  con- 
tained in  the  albumen  applied  was  rendered  solable  and  converted  into 
nitrates.  A  repetition  indicated  that  possibly  90  per  cent  of  the  total 
nitrogen  of  the  albumen  was  converted  into  nitrates. 

(2)  To  one  of  the  experimental  tanks,  which  at  the  time  of  the  first 
application  was  giving  a  i>erfectly  nitrified  effluent,  a  solution  of  ammo- 
nium chloride,  in  water  containing  1  part  of  ammonia  pet  100,000,  was 
applied  in  place  of  the  sewage.  Enough  sodium  carbonate  was  mixed 
with  the  ammonium  chloride  solution  to  combine  with  the  chlorine  of 
the  ammonium  chloride,  and  also  with  the  nitric  acid  equivalent  to  the 
ammonia.  Nitrification  was  complete  from  the  first,  the  effluent  being 
not  only  free  from  anmionia,  but  containing  nearly  all  the  nitrogen 
applied,  as  nitrates.  The  strength  of  the  solution  was  gradually 
increased  until  it  contained  34  parts  per  100,000  of  ammonia,  after 
which  complete  nitrification  was  not  at  once  obtained,  but  finally  a 
nearly  complete  nitrification  resulted. 

(3)  Experiments  as  to  the  the  effect  of  an  excess  and  deficiency  of 
alkali  were  also  made,  showing  that  with  alkali  in  excess  nitrification 
was  not  in  the  least  interfered  with,  but  with  a  deficiency  the  process 
apparently  stopped  with  the  production  of  an  enormous  quantity  of 
nitrites. 

(4)  Exx)eriments  as  to  the  effect  of  acid  upon  nitrification  were  made, 
which  showed  that  sewage  containing  a  large  percentage  of  sulphuric 
acid  may  have  a  major  part  of  its  nitrogenous  constituents  removed  for 
a  considerable  time.  If  we  are  dealing  with  a-  sewage  which  contains 
moderate  quantities  of  sulphuric  acid  occasionally,  we  may  ex{)ect  to 
purify  it  by  intermittent  filtration  without  any  ill  effecta ;  but  if  the 
sewage  contains  sulphuric  acid  regularly,  the  acid  should  be  neutralized 
bj^  the  Edition  of  lime  or  some  othei  alkaAi. 


•]  MECHAKICAL  ANALT8ES   OF   SANDS.  '31 

(5)  Experiments  as  to  the  effect  of  common  salt  showed  that  when 
common  salt  was  present  in  sach  quantity  that  the  chlorine  amounted 
to  ly200  parts  per  l(K)yOOO  the  nitrification  was  quickly  checked  and  the 
common -salt  solution  passed  through  the  filter  almost  unchanged.  If^ 
however,  common  salt  be  added  gradually,  so  that  the  filter  may  have 
the  opi>ortunity  to  adapt  itself  to  the  work  required  of  it,  the  result 
was  found  to  be  very  different.  In  an  experiment  of  this  character  it 
was  ascertained  that  with  gradual  increase  of  the  common-salt  solution 
nitrification  continued.  The  practical  result  arrived  at  was  that  sewage 
containing  a  considerable  quantity  of  common  salt  as  one  of  its  regular 
constituents  may  be  purified  by  intermittent  filtration  without  difficulty. 

(6)  Experiments  as  to  the  effect  of  sugar  upon  nitrification  showed 
that  if  a  considerable  quantity  of  dugar  is  applied  to  intermittent  filtra- 
tion it  will  cause  a  decrease  of  nitrification.  If,  however,  the  filter  can 
be  gradually  adapted  to  the  special  work  of  nitrifying  sugar,  the  nitri- 
fication will  finally  become  nearly  as  complete  as  when  sugar  is  absent. 

MECHANICAL  ANALYSES  OP  SANDS. 

The  selection  of  the  filtering  materials  is  a  very  important  point  in 
constructing  a  filter.  The  Massachusetts  State  board  of  health  has 
developed  a  method  of  sand  analysis  by  which  different  sands  may  be 
compared  and  from  their  relative  coarseness  their  efficiency  as  a  filter 
material  be  foretold. 

SIZE  OF   OBAIN. 

As  described  in  the  twenty-third  annual  report  of  the  board,  the  sand 
is  first  sifbed  through  a  series  of  sieves,  each  about  twice  as  fine  as  the 
one  next  coarser.  The  sand  passing  the  finest  sieve  is  divided  into 
several  portions  by  beaker  elutriation.  Each  portion  is  weighed,  and 
the  range  and  size  of  particles  is  determined  either  by  micrometer 
measurement  of  the  smaller  particles  or  by  computation  of  the  diame- 
ters of  larger  particles  by  their  weight.  The  diameters  of  all  particles 
are  taken  as  nearly  as  possible  at  the  diameter  of  a  square  of  equal 
volume.  In  each  case  the  diameters  are  expressed  in  millimeters.  As 
illustrating  the  results  of  such  mechanical  analyses  in  their  application 
to  filter  material,  we  may  quote  the  following  as  the  percentage  state- 
ment of  the  fine  material  used  in  experimental  filter  No.  5.  In  this 
filter  the  material  with  mean  diameter  less  than  12.6  millimeters 
amounted  to  99  per  cent  of  the  whole;  material  with  less  diameter  than 
6.2  millimeters  to  96  per  cent  of  the  whole;  mean  diameter  less  than  2.2 
millimeters,  92  per  cent;  mean  diameter  less  than  0.98  millimeter,  89 
per  cent;  mean  diameter  less  than  0.46  millimeter,  80  per  cent;  diameter 
less  than  0.24  millimeter,  67  percent;  diameter  less  than  0.12  millimeter, 
51  x>er  cent;  diameter  less  than  0.06  millimeter,  33  per  cent;  diameter 
less  than  0.03  millimeter,  16  percent;  diameter  less  than  0.01  millimeter, 
which  would  represent  the  organic  matter,  6  per  cent 
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■i^*  tf  ito  ^iHfa^Bimi  asalysis  of  a  coarse  Band 
I  ."tan  filK'  9b.  L  b.  ihj.s  dli«^  the  materiul  with 
ilLuneter  less  tbiiu 
iineters  amounted 
jier  cent  of  tlic 
material  witii  di- 
atnecer  less  than  Q.'l  milli- 
ta^iera,  to  97  per  eeut  uf 
A^vhole;  meaji  diameter 
ih*n  2^  milliiueterx, 
■■*S  per  tv^t;  meau  diaiu- 
than  0.98  uiilli- 
53  per  v«iit:  nieaa 
less  than  0.46 
■illiiDeter,  7  per  cent; 
diameter  less  than 
■■  -t  ;r  "'■iii'.-ter,  l.J  jwr 
_, , !_:_  Jiauietet  less 

aw  aoa  nminflter,  0  p« 

cmL 

fati  the  nporti. 


The  liM 
MntiDg  the  iliiMiiliiiiii  an 
«|iac«d  aeeordiB|;tDthel»- 
ftnthmaot  the  diaaelars 
«f  tib«  particles,  as  in  this 
way  materials  of  omre- 
qponding  nniformitr  in 
range  of  size  of  particles 
gJre  etfnally  steep  carves, 
r«gsrdlefM  of  the  absolate 
filze  of  the  particles.  The 
materlHln  indicated  by  fig. 
1  are  ntated  by  Hr.  Hazen 
Ut  hiolnde  tbe  whole  range 
f/f  Um  mtniU  HvaJIable  for 
tmwuftfi  fftirUiiuttion. 
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Am  AND  WATBB  OAPAOITIBS  OF  SAND. 

irder  to  estimate  the  filtering  capacity  of  any  given  material,  it  is 

bant  to  understand  the  air  and  water  capacity  of  the  filtering 

ial  when  drained,  the  term  <' water  capacity''  being  taken  to  des- 

>  the  amount  of  water  retained  in  the  interstices  after  thorough 

ng.    It  is  clear  from  what  has  preceded  that  the  efficiency  of  the 

\g  process  must  depend  largely  upon  these  two  elements.    In 

also  derived  from  the  Massachusetts  rei>orts,  the  air  and  water 

ities  of  the  same  materials  illustrated  by  fig.  1  are  shown,  though 

dying  this  diagram  it  should  be  borne  in  mind  that  the  curves  for 

ice  and  water  capac- 

Q  be  taken  only  as       ^ 

a  averages,  because 

inacity  of  the  mate- 

m  be  varied  greatly 

king.    It  is  obvious 

he  amount  of  water 

dpend  not  only  upon 

>seness  of  the  pack- 

mt    also    upon    its 

mity,  the  tendency 

8  being  toward  an 

se  of  the  water  ca- 

'.  It  will  also  depend 

'  given  time  upon  the 

it  of  organic  matter 

.  from  the  material 

d.    The  water  capac- 

11  also  depend  largely 

the  size  of  the  particles,  the  finer  sands  holding  much  water,  espe- 

at  the  bottom,  while  with  coarse  sands  the  amount  held  will  be 

^  constant  from  top  to  bottom.^ 
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Fig.  8.— Limitation  of  siEe  of  single  dose  by  air  and  water 

oapacitles. 


LIMITATION  OP  SIZE   OF  DOSE. 

diagram,  fig.  3,  also  taken  from  the  Massachusetts  rei>orts,  will 
Bte  the  range  of  capacity  with  different  materials  in  this  partic- 
This  figure  illustrates  the  limit  of  size  of  a  single  dose  with  refer- 
o  air  and  water  capacities.  The  various  materials  are  indicated 
rtical  lines,  while  the  per  cent  of  total  volume  is  indicated  by 
»ntal  lines,  the  lower  portion  of  the  two  curves  showing  the  maxi- 
dose  for  any  given  material  which  can  be  applied  at  one  time 
good  results.  If  the  dose  is  greater  than  that  indicated  in  the 
of  water  limit,  it  is  probable  that  some  will  pass  the  filter  before 

toioe  to  the  twenty-third  anmiAl  rejiort  of  the  Maaiaolinattttia  Iwtx^irtBL  t^oara&i^  %  ?ftl>y>a■^a^ 
important  pnotical  qneatioiu  in  taH  detafl. 
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complete  pnriflcatioii.  If  the  air  limit  is  exceeded,  the  oxygen  in  the 
filter  is  liable  to  be  exhansted  before  the  oxidation  is  complete. 

In  the  line  of  these  studies  the  Massachusetts  reports  give  a  tabk 
showing  the  doses  proved  to  be  adapted  to  the  yarions  materialg 
under  the  most  &vorable  conditions  of  management.  For  material 
No.  16  of  the  preceding  diagrams,  as  actually  applied  in  practice  at 
the  exi>eriment  station,  the  dose  was  2,800  gallons  per  acre,  applied  5O0 
times  a  week,  this  amount  giving  a  daily  average  ot  200,000  gallons  per 
acre.  For  material  No.  1  the  size  of  dose  is  40,000  gallons,  applied  18 
times  a  week,  giving  an  average  daily  amount  of  103,000  gallons  per 
acre.  For  material  No.  6  the  sLec  of  dose  is  70,000  gallons  per  acre, 
applied  6  times  a  week,  giving  a  daily  average  of  60,000  gallons  per 
^cre.  For  material  No.  0  the  size  of  dose  is  120,000  gallons  an  acre, 
applied  6  times  a  week,  giving  a  daily  average  of  103,000  gallons  per 
acre.  For  No.  2  the  dose  is  140,000  gallons  an  acre,  3  times  a  week, 
giving  a  daily  average  of  60,000  gallons  per  acre.  For  No.  4  the  doee 
is  80,000  gallons,  3  times  per  week,  giving  a  daily  average  of  34,000 
gallons  per  acre.  The  depth  of  the  material  to  which  these  applications 
were  made  was  in  every  case,  with  the  exception  of  No.  6,  5  feet;  for 
No.  6  the  depth  was  4  feet. 

As  stated  in  the  report,  it  must  be  borne  in  mind  that  the  above  fig- 
ures are  applicable  only  to  clean  materials  under  favorable  conditions, 
and  that  in  order  to  apply  large  doses  permanently  with  good  results 
the  surface  material  must  be  occasionally  renewed,  as  already  discussed. 

PURIFICATION  OBTAINED  BY  INTERMITTENT  FILTRATION. 

As  to  the  degree  of  purification  obtained  by  intermittent  filtration, 
the  Massachusetts  experiments  show  that  very  high  degrees  are  reached 
easily.  By  way  of  illustrating  the  matter  we  may  simply  cite  that  city 
sewage  has  been  purified  to  the  extent  of  removing  firom  05  to  09.5  pe" 
cent  of  the  polluting  material.  Sewage  containing  from  500,000  t 
1,000,000  bacteria  per  cubic  centimeter  has  been  experimentally  so  fa^ 
purified  of  bacteria  that  the  effluents  have  frequently  contained  as  few 
as  from  25  to  100  bacteria  per  cubic  centimeter.  In  order  to  appreciate 
this  degree  of  bacterial  purification  we  may  consider  that  well  waters 
in  common  use  frequently  contain  from  2,0(K)  to  3,000  bacteria  per  cubic 
centimeter.  As  regards  chemical  and  biological  considerations  there 
is  therefore  no  reason  why  such  sewage  effluents  are  not  fit  to  drink. 

SUMMARY  OF  MASSACHUSETTS  EXPERIMENTS. 

The  body  of  information  in  regard  to  sewage  purification  by  inter- 
mittent filtration  which  is  presented  in  the  several  reports  of  the 
Massachusetts  State  board  of  health  has  become  so  extensive  that  one 
must  be  an  expert  to  keep  in  mind  the  many  interesting  and  valuable 
results  brought  out.  As  assisting  the  general  reader,  who  may  not 
care  to  travel  through  the  severaV  t\io\x^«ki\\v\  v^^^^  of  matter  given  in 
tbeae  reports^  reference  may  be  wade  to  Wvo  N«t^  ^^e«^^\A.^\xTssL\wMr^^\ 
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the  results  obtained  from  intermittent  filtration  daring  seven  years' 
exi>erimentation,  which  appears  on  page  497  of  the  report  of  1894,  where 
may  be  foand  brief  statements  of  yearly  averages  of  the  various  kinds 
of  Alters  experimented  upon,  as  well  as  an  outline  of  the  most  imi>or- 
tant  features  in  the  operation  of  each  filter. 
In  concluding,  it  is  pointed  out  that — 

(1)  The  qualitative  efficiency  of  the  filters  is  lower  in  winter  than  in 
summer  chiefly  because  of  the  inactivity  of  the  nitrifying  organisms  when 
exposed  to  low  temperature.  The  indications  at  present  are  that  it  is 
not  advisable  to  allow  exposed  filters  to  rest  in  winter,  even  for  limited 
I>eriod8. 

(2)  Qualitative  deterioration  is  a  serious  matter  in  winter,  because 
nitrification  can  not  be  promptly  reestablished  as  in  summer. 

(3)  It  has  been  learned,  however,  that  when  nitrification  is  active  at 
the  beginning  of  winter  it  may  by  proper  treatment  be  preserved  dur- 
ing the  cold  season.  To  this  end  frost  should  not  be  allowed  to  pene- 
trate into  the  interstices  of  the  filters. 

(4)  The  warmer  the  sewage,  within  limits,  the  better  the  results. 
Where  high  degrees  of  purification  are  imperative  in  winter  the  sewage 
may  be  heated  to  a  temperature  of  lOOo  F.  We  may  conclude,  then, 
that  the  arrangement  of  the  filter  bed  should  be  with  reference  to  pre- 
serving, so  far  as  possible,  the  heat  actually  present  in  the  sewage  as  it 
arrives  in  the  filter.  For  this  purpose  the  trenching  of  the  filter  area 
is  especially  efficient,  because  it  concentrates  the  heat,  thus  aiding  in 
preserving  the  biological  process  in  a  state  of  efficiency.' 

(5)  In  any  case  sewage  should  be  so  applied  as  to  penetrate  all  por- 
tions of  the  filter,  as  otherwise  the  passage  through  will  be  rapid  and 
irregular,  thus  tending  to  a  low  degree  of  purification. 

(G)  The  composition  of  sewage,  particularly  as  regards  the  kind  of 
sewage,  is  a  much  more  marked  factor  in  winter  than  in  summer.  This 
is  true  even  in  the  case  of  experimental  filters,  where  special  lines  of 
treatment  to  keep  the  filters  in  operation  are  feasible. 

VAIATR    OF    COMMERCIAIi    FERTIIilZERS. 

In  order  to  indicate  the  theoretical  value  of  the  nitrogen,  phosphates, 
and  potash  of  crude  sewage,  the  following  statement  of  trade  values 
of  fertilizing  ingredients  in  raw  materials  and  chemicals  of  commercial 
fertilizers,  as  used  by  the  agricultural  experiment  stations  of  the  coun- 
try, is  included.  The  valuations  obtained  by  the  use  of  these  figures 
agree  fairly  well  with  the  average  retail  price  of  standard  materials. 
The  price  per  pound,  in  cents,  is  as  follows: 

Value  of  chemical  ingrediente  in  commercial  fertilizers. 

Cento. 

Nitrogen  m  ammonia  salts 17 

Nitrogen  in  nitrates » 15. 6 

Organic  nitrogen  in  dry  and  fine-gronnd  potash,  meat,  and  blood,  and  in  high- 
grade  mixed  fertilizers 17*5 

Tor  MO  mtimmtein  deUil  of  tbe  ooet  of  heating  sewage  tee  lUfter  Mid  '&tkk.«i*%  ^-^T%j^\AftVsM^V^ 
tife  United  8t»te»,  p.  3$6, 
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Gaili. 

Organic  nitrogen  in  cotton-seed  meal  and  castor  pomace l&li 

Organic  nitrogen  in  fine-groond  bone  and  tankage 15 

Organic  nitrogen  in  fine-ground  medium  bone  and  tankage U 

Organic  nitrogen  in  medium  bone  and  tankage 9 

Organic  nitrogen  in  coarse  bone  and  tankage 7 

Organic  nitrogen  in  hair,  horn  shavings,  and  coarse  potash  scraps 7 

Phosphoric  acid,  soluble  in  water 6.5 

Phosphoric  acid,  soluble  in  ammonium  citrate 6 

Phosphoric  acid  in  fine  bone  and  tankage 6 

Phosphoric  acid  in  fine  medium  bone  and  tankage 5 

Phosphoric  acid  in  medium  bone  and  tankage 4 

Phosphoric  acid  in  coarse  bone  and  tankage 3 

Phosphoric  acid  in  fine-ground  fish,  cotton-seed  meal,  castor  pomace,  and  wood 

ashes 5 

Phosphoric  acid  in  fine-ground  rock  phosphate 2 

Potash  as  high-grade  sulphate  in  forms  free  from  muriates  (chlorides),  in  ashes, 

etc 5.5 

Potash  in  kainit i5 

Potash  in  muriate i5 

Organic  nitrogen  in  mixed  fertilizers 17.5 

Insoluble  phosphoric  acid  in  mixed  fertilizers 2 

Value  of  fertilizing  ingredients  in  foods, 

GflBtl. 

Organic  nitrogen 17.5 

Phosphoric  acid 5 

Potash 5.5 

NECESSITY  OF  PURIFICATION  OF  SEWAGE  AT  TOWNS  ON 

THE  GREAT  liAKES.^ 

AccordiDg  to  statistics  of  the  Eleventh  Census,  the  basin  of  the  Great 
Lakes,  especially  the  area  contiguous  to  Lakes  Ontario,  Erie,  and  Michi- 
gan, is,  next  to  the  Atlantic  seaboard,  the  most  densely  populated  area 
of  the  United  States.  Bordering  on  Lakes  Ontario,  Erie,  and  Michigan 
are  great  and  rapidly  growing  cities  from  which  all  of  the  sewage  now 
passes  into  these  lakes.  The  surrounding  regions  are  usually  not 
greatly  elevated  above  the  lakes,  and  hence  do  not  afford  any  oppor- 
tunity for  obtaining  upland  waters  for  municipal  supplies.  The  water 
supplies  of  towns  on  the  Great  Lakes  are  not  only  now  almost  univer- 
sally taken  from  these  bodies  of  water,  but  must  necessarily  continue  to 
be  so  taken  in  the  future.  At  present  the  sewage  of  the  Great  Lake 
cities  is  discharged  without  treatment  into  the  same  bodies  of  water 
from  which  the  public  water  supplies  are  taken.  An  exception  is  the 
city  of  Rochester,  which  wisely  brings  its  water  supply  by  gravity  from 
Hemlock,  an  inland  lake  about  30  miles  distant;  but  Buffalo,  Erie, 
Cleveland,  Detroit,  Chicago,  Milwaukee,  and  many  other  towns  take 
their  water  supplies  in  the  manner  stated.  Without  going  into 
details  for  all  the  Great  Lakes,  we  will  state  that  Lake  Michigan  alone 
receives  at  the  present  time  the  sewage  of  municipalities  and  small 
towns  aggregating  over  2,000,000  people,  and  this  population  is  rapidly 

*  This  chapter  U  presented  to  illasirato  the  vast  importance  which  sewage-pariflcation  stadies  are 
rapidly  assuming  in  the  United  States. 
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icreasiug,  haying  about  doubled  in  ten  years.  A  similar  increase  in 
opalation  has  taken  place  in  the  cities  and  towns  tributary  to  the 
Dwer  Oreat  Lakes.  Thus,  Detroit  had  a  i>opulation  in  1880  of  116,340, 
Old  in  1890,  205,876.  Cleveland  showed  a  population  in  1880  of 
60,146,  and  in  1890,  261,353.  In  1880  Buffalo  had  155,134;  in  1890, 
55,664. 

EFFECT  OF  SEWAGE  ON  LAKE  WATERS. 

The  modern  studies  all  indicate  that  when  organic  matter  in  increas. 
\g  quantities  is  continually  poured  into  a  body  of  fresh  water,  ai)oint 
I  quickly  reached  beyond  which  the  body  of  fresh  water,  whether  it 
e  lake,  pond,  or  running  stream,  has  no  power  of  further  assimilation, 
hemical  analyses  of  the  waters  of  the  Great  Lakes  show  a  gradually 
creasing  contamination  during  the  last  fifteen  or  twenty  years.  The 
idence  is  multiplying  that,  with  the  present  increase  in  jiopnlation, 
e  Great  Lakes,  if  they  continue  to  be  used  as  common  sewers,  will  soon 
«ome  totally  unfit  for  use  as  drinking  water.  When  this  time  arrives 
le  of  two  alternatives  must  be  followed — either  every  source  of  water 
pply  must  be  filtered  or  the  sewage  of  the  towns  must  be  efficiently 
irified  before  it  is  allowed  to  flow  into  the  lakes.  In  some  cases  the 
editions  are  such  that  both  remedies  must  be  applied. 
The  question  of  the  limit  of  permissible  contamination  of  these  waters 
very  likely  to  arise,  either  as  to  the  number  of  bacteria,  the  micro- 
opical  forms,  or  the  chemical  constituents.  The  answer  is,  it  will 
$pend  entirely  upon  the  environment.  If  a  given  water  is  known  to 
ceive  sewage,  a  very  small  quantity  of  organic  matter,  indicated 
ther  by  the  free  and  albuminoid  ammonias  or  by  the  loss  on  ignition, 
ay  justly  cast  suspicion  upon  it.  If,  on  the  other  hand,  there  is  no 
wage  contamination  and  the  organic  matter  present  is  clearly  shown 
be  due  to  natural  drainage  from  the  surface  of  the  ground,  the 
nmonias  and  loss  on  ignition  have  very  little  significance.  As  to  the 
imber  of  bacteria,  Dr.  Koch,  the  originator  of  the  method  of  gelatin 
iltures,  laid  down  the  principle  that  potable  waters  might  show,  when 
:amined  immediately  on  collection,  as  high  as  1,000  bateria  per  cubic 
intimeter  without  condemning  them.  The  more  recent  studies,  how- 
ler, tend  to  show  that  Koch's  original  figure  was  somewhat  too  high, 
id  at  present  it  is  considered  that  a  sanitarily  unobjectionable  water 
ight  not  to  show  more  than  300  to  600  forms  per  cubic  centimeter, 
^hen  the  number  rises  much  above  that  amount  the  water  is  open  to 
ispicion. 

Bacteriological  examinations  of  the  water  of  the  Great  Lakes  show 
lat  the  water  at  Detroit  is  superior  for  domestic  use  to  that  at  Buffalo, 
he  difference  must  be  ascribed  to  the  vast  amount  of  sewage  poured 
to  Lake  Erie,  and  the  incapacity  of  that  body  of  water  to  purify  itself 
loroughly  before  reaching  the  Buffalo  intake  at  the  head  of  the 
iagara  Biver. 
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£^:t««>  c^  the  vater  cff  the  G resit  I^kes 
/t.-   \^   ./DriTifttr  ▼ij'.a:  Mrrv.  •>c  tke  vhofe.  a  gradnaUj  increasng 

•"•ir  3»:':iiT  T'f  z.T*r»=s:  a.:».ct  H^v^cer  sopplrof  the  city  of  Milwaukee 
iLAj  :»e  i*:-:**!  I»zr:Lj:  ti-t  lATLZ-kTi.:-!;  seasoDS  of  1S92.  :>93.  and  18W 
li-*-  7i-*«5»i  Sixt'Ss' "^■hfc'iiiftc  r.i:rft^i  ^-ATTJed  our  an  extended  series  of 
5:*k:  tri-Hmi-aii-  -i  :ri-*c  :•:  i-r>niii*  lie  aenxa]  trend  of  the  eaireDts 
«  :i-r  '"-^e^:  I-kir^.  i*  r^rxtri*  I-ti*^  yiehigan,  the  experimeDts 
el«*'Ar:7  -^i-;  ▼  ti;^"  li-'Or  i*  &  ta:  >i  ▼rr-I  &:  lie  sooth  eud,  with  a  stiouj; 
i'Lrr'rz.:  T*ks»-i^  i«:irii  tjrcr  'i-r  *-^<:  •i-i'K-.  vbDe  along  the  west  shore 
Ti-*  "--T^ri:  rw*  s.c-'i-  ri-*  Z25g«:«s~*:c:  ^-f  :he  cnrxeuts  andoabtedly 
ffcT.'c^  ::•*  ▼•fc:*^  '^IG*-."  ■■-  "^"^  ^^^  ■-'  Mi>»-aake*-  giringto  tbatcitj 
-^^re:  '•".ii  l-e-s?  'rrfci:-:  :^  Ckr  "ta^*  c  iui.  :i  woTJd  receive,  eitberif 
-iis^z-r  v*-?^  -'  irr^zT  r  :'  :!i*t  iiTTic-TT  «-t  ±x«n  the  south  to  the  north 
Aj-ir  ".It  v-?:  sLifr-  TtT-i-rizr  t.:  MilvAiii**  tLe  <:ic«ntaniiuated  waterof  r» 
lir  '.  1-  "Ax:  -ktr  ir:c:.     -i.>  'ist  rzrrecLi*  ik-w  3<.w  Chicago  receives  tk 

At  Ci.i-.kr.  '.i-r  -:kr:tfc  iT^  Tir«o«  ::  Tinirc  ibe  sewage  of  a  grait 
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Ik*  r:-sil:ie»i  s  i.vLstrrt-^Ij  i*  t:  jt-i^i  "o  Tie  o.-n^traction  of  whatiilr 
d: ▼-!  ik>  -^T  *,  -. :i^:  iri-zxpt  fA'.fc.  ': t  Wuy^i it  i*  exj«cted  todelirtf 
:!■*  irre^:*?-:  :it-':  ." -"  '--^  '-jr-Air:  s^^-iO!-  n:-:  :i*  iicad  waters  of  the  Illi' 
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exist;  the  air  is  then  excladed  and  the  anaerobic  forms  develop  at  the 
expense  of  the  aerobic.  This  undoubtedly  explains  the  severe  epi- 
demics of  winter  typhoid  which  have  occurred  at  Buffalo,  New  York; 
Lorain,  Ohio;  Windsor,  Ontario;  Ashland,  Wisconsin;  Duhith,  Min- 
nesota; Chicago,  Illinois,  and  at  a  number  of  other  places  on  the  Great 
Lakes.  The  following  are  some  of  the  particulars  of  these  winter 
outbreaks: 

In  the  latter  part  of  February,  1894,  on  account  of  low  water  in  the 
Niagara  Kiver,  it  became  necessary  to  take  the  water  supply  of  the  city 
of  Bufifalo  from  an  old  inlet  said  to  be  in  a  current  carrying  the  dis- 
charge from  sewers  higher  up.  From  March  6  to^  1 ,  inclusive,  the  total 
number  of  typhoid  cases  reported  was  36.  On  March  12,  26  new  cases 
were  reported.  The  next  day  the  number  was  increased  100,  and  then 
by  88,  79, 52,  and  25  on  successive  days,  making  a  total  of  40G  cases  from 
March  G  to  17,  inclusive,  and  370  cases  in  the  six  days  from  March  12 
to  17,  inclusive.  These  cases  were  mostly  of  such  mild  character  that 
only  9  deaths  were  reported  for  the  whole  month.  In  March,  1893,  only 
4  deaths  occurred,  and  in  March,  1892,  but  1. 

The  city  of  Lorain,  Ohio,  is  located  at  the  mouth  of  the  Black  Biver, 
which  receives  the  sewage  of  Elyria,  several  miles  distant.  It  also 
receives  the  sewage  of  Lorain,  in  which  place  sewers  were  first  laid 
down  in  1892,  their  use  for  water-closet  drainage  beginning  in  October 
or  November  of  that  year.  The  water  supply  of  the  town  is  taken  from 
very  near  the  end  of  the  harbor  jetties,  where  the  sewage  first  has  free 
access  to  the  lake  water.  Lake  Erie  was  closed  with  ice  at  Lorain 
during  the  months  of  January,  February,  and  March,  1893.  In  March 
and  April  there  was  a  serious  epidemic  of  typhoid  fever,  8  deaths  occur- 
ring in  a  population  of  about  5,000.  In  1895  the  lake  was  again  closed 
with  ice  during  the  months  of  February  and  March,  and  typhoid  fever 
again  became  epidemic,  there  being  3  deaths  in  February,  2  in  March, 
and  4  in  April. 

In  February,  1896,  typhoid  fever  became  epidemic  at  Windsor,  Onta- 
rio, a  town  on  the  Detroit  River  just  opposite  the  city  of  Detroit. 
During  the  previous  month  of  December,  1895,  the  total  number  of 
cases  was  9;  for  January  the  total  was  18;  for  February  82,  and  for 
March  13;  making  a  total  for  the  four  months  of  122.  The  cause  of 
the  outbreak  is  ascribed  to  the  presence  of  the  sewage  of  Walkerville 
in  the  Windsor  water  supply.  The  discharge  of  Walkerville  sewage 
above  the  Windsor  waterworks  intake  has  been  a  source  of  contro- 
versy between  Windsor  and  Walkerville  for  severtil  years,  and  although 
more  or  less  typhoid  fever  has  existed  at  Windsor  the  outbreak  in  Feb- 
ruary, 1890,  is  the  most  serious  winter  epidemic  thus  far  experienced 
there.  As  stated  in  the  report  of  the  Provincial  Board  of  Health  of 
Ontario,  there  was  a  severe  freshet  about  January  25, 1896. 

During  the  winter  of  1894  a  severe  epidemic  of  typhoid  fever  occurred 
at  Ashland;  Wiacouaiu.  Several  hundred  ca^e^  OlcvAo^^Sl  va.  ^  1^^ 
weeks,  and  from  the  distribution  there  was  every  T^a&oiv  Xft  ^awsc^ofe 
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The  above  table  shows  that  typhoid  fever  was  epidemic  in  Ohicago 
in  February  and  March,  1890,  in  April,  May,  June,  and  Jaly,  1891,  and 
in  January  and  February,  1892.  All  these  outbreaks,  as  well  as  the 
general  high  typhoid  death  rate,  must  be  attributed  entirely  to  the  pol- 
luted water  supply.  The  next  year,  1893,  was  the  year  of  the  Oolum- 
bian  Exposition,  and  much  greater  efforts  were  made  in  that  year  to 
insure  proper  sanitary  conditions  in  Ohicago.  That  these  efforts  were 
well  directed  is  shown  by  the  great  reduction  in  the  typhoid  death  rate 
for  that  year. 

In  regard  to  typhoid  fever,  it  may  be  assumed  as  axiomatic  that  it  is 
a  disease  of  the  fall  months,  which  under  normal  conditions  attains  its 
maximum  in  October  and  November.  If,  then,  we  find  it  seriously 
prevalent  during  the  winter  months,  we  must  assun^e  the  existence  of 
unnatural — and  as  regards  the  caaes  just  presented,  unnecessary — con- 
ditions. So  far  as  known,  the  reason  for  its  excessive  development  in 
cold  weather  is  the  one  already  given.  As  to  the  validity  of  this  reason, 
it  may  be  pointed  out  that  similar  winter  outbreaks  have  occurred  at 
Zurich  *  and  Geneva,  Switzerland.  The  evidence  is  therefore  now  so 
for  multiplied  as  to  render  it  practically  certain  that  a  winter  outbreak 
of  typhoid  fever  means  not  only  sewage  contamination  of  the  water 
supply,  but  the  existence  of  conditions  different  from  those  ordinarily 
obtaining  while  the  lakes  are  open.  Hence  the  several  outbreaks  of 
winter  typhoid,  of  which  we  have  record  in  the  Great  Lake  cities  and 
towns  are,  aside  from  others,  a  valid  reason  why  sewage  treatment  of 
some  sort  is  rapidly  becoming  imperative  at  the  Great  Lake  towns. 

AMERICAN   SEWAGE-DISPOSAL  PliANTS. 

MAINE. 

Augusta^  State  Insane  Asylum. — So  far  as  known,  the  credit  of  the 
first  attempt  at  sewage  irrigation  in  the  United  States  belongs  to  Mr. 
C.  B.  Laken,  treasurer  of  the  State  Insane  Asylum  at  Augusta,  Maine, 
who  carried  out  a  system  of  irrigation  there  about  1872.  From  a 
description  in  the  Seventh  Annual  Report  of  the  State  Board  of  Health 
of  Massachusetts  (1876),  it  is  learned  that  the  sewage,  which  then 
amounted  to  about  7,000  gallons  per  day,  first  passed  by  gravity  into 
large  tanks,  where  it  was  mixed  with  absorbents — straw,  leaves,  mnck, 
etc.  The  solid  parts  were  from  time  to  time  carted  onto  land,  while  the 
liquid  portion  flowed  off,  to  be  used  for  irrigation.  In  the  summer  of 
1875  an  irrigated  area  of  a  few  acres  yielded  three  crops  of  fine  hay. 
A  jwrtion  of  the  sewage  was  also  used  in  irrigating  a  vegetable  garden. 
It  is  understood  that  after  the  death  of  Mr.  Laken  this  irrigation  was 
abandoned. 

NEW  HAMPSHIRE. 

Concord,  State  Insane  Asylum. — The  sewage  of  this  asylum  was  used 
for  irrigation  about  the  same  time  as  that  of  the  Augusta  asylum.    In 


I  For  an  account  of  au  outbreak  of  winter  typhoid  at  Zurio\i,  SwitifetVonx^,  %«fe  llLt.'tTiSfi«t^%  \«^«* 
OB  The  Zurich  water  Bupply,  etc. :  Proc.  Inst.  Civ.  Kng.,  Vol.  CXI,  pp. »!-«». 
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this  case  it  was  necessary  to  pamp  the  sewage  to  the  irrigated  area. 
The  Eighth  Annual  Beportof  the  State  Board  of  Health  of  Massachu- 
setts states  that,  although  the  crops  were  very  much  increased  in  value, 
the  sewage  had  not  been  disposed  of  at  Concord  in  the  systematic  way 
which  would  be  necessary  in  dealing  with  larger  quantities.  It  is  not 
known  whether  this  irrigation  is  now  in  use  or  not. 

Rockingham  County  Poor  Farm. — ^A  sewage-disposal  plant  was  first 
operated  at  the  Bockingham  County  Poor  Farm  in  1805.  The  plant, 
which  is  designed  to  meet  the  needs  of  about  1,000  people,  oonsiBtB  of  two 
sets  of  collecting  tanks,  with  filter  beds,  all  so  arranged  as  to  admit  of 
intermittent  use,  the  whole  inclosed  in  a  building.  Sewaga  is  first  re- 
ceived in  a  collecting  tank  7  feet  wide,  9.5  feet  long,  and  7  feet  deep, 
where  most  of  the  sludge- is  deposited.  The  sewage  then  passes  into  a 
second  tank,  about  half  the  size  of  the  first,  and  connected  therewith  at 
the  bottom.  The  effluent  fn)m  the  second  tank  flows  upon  a  filter  bed 
of  coarse  sand,  22  or  23  feet  square  and  5  feet  in  depth.  The  dudge  is 
utilized  for  compost.  The  filter  areiis  are  ventilated  by  a  force  draft 
over  and  under  them.  From  the  information  at  hand  it  is  inferred  that 
this  plant  is  a  patented  process,  owned  by  the  Glover  Sanitary  Sewage 
Company.^ 

MASSACHUSETTS. 

Amherst. — This  is  a  college  town  in  the  Connecticut  Valley,  with  a 
population  in  1890  of  4,512.  A  public  water  supply  was  constructed 
in  1879  and  sewerage  and  sewage-disposal  works  in  1881.  The  sewers 
are  on  the  separate  system.  In  the  absence  of  a  water  course  suitable 
to  receive  the  sewage,  it  was  conducted  to  a  settling  tank,  fironi  which 
the  liquid  matter  is  drained  onto  land  through  ditches,  and  the  sludge 
is  periodically  removed  and  spreail  upon  land.  Ordinarily  the  sludge 
is  removed  once  a  week  by  simply  opening  a  valve  and  allowing  it  to 
flow  into  a  bed  excavated  in  the  sand,  where  the  water  rax)id]y  drains 
away. 

About  three- fourths  of  the  sewage  of  the  town  is  treated  in  this  way, 
the  remainder  ^oing  to  a  field  having  a  sandy  soil,  where  it  flows  into 
absorption  ditches.  Throe  heavy  crops  of  hay  are  cut  yearly  from  the 
irrigated  area,  which  previously  gave  only  one  light  crop  a  year.  This 
tract  is  not  underdrained,  and  it  is  stated  that  the  sewage  does  not  give 
any  trouble  by  collecting  in  hollows.    The  field  has  a  slight  slope.' 

Brockton, — A  good  recent  example  of  intermittent  filtration  pore  and 
simple  may  be  seen  in  tlie  works  recently  constructed  at  Brockton,  Mas- 
sachusetts, a  shoe-manufacturing  town  a  short  distance  southwest  of 
Boston,  with  a  population  in  1890  of  27,294.  Waterworks  were  com- 
pleted in  1880  and  1881,  but  a  separate  system  of  sanitary  sewers  was 
not  put  in  operation  until  the  latter  part  of  1894. 
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By  tbe  application  of  meters  the  use  of  water  at  Brockton  has  been 
kept  quite  low.  For  the  year  ending  Kovember  30^  1894,  the  average 
daily  consumption  per  capita  was  only  24.3  gallons,  the  highest  figure 
being  39.4,  for  the  month  of  June,  and  the  lowest  18.7  gallons,  for 
March.  In  the  design  of  the  sewers  Mr.  Snow,  the  city  engineer,  has 
made  allowance  for  a  daily  consumption  of  60  gallons  x>er  capita,  as  well 
as  for  a  possible  leakage  by  infiltration  into  the  sewers.  The  main 
outlet  sewer  leading  into  the  receiving  reservoir  is  of  brick,  egg-shaped, 
var3ang  from  26  by  39  inches  to  22  by  48  inches  in  size,  and  about  2 
miles  long.  The  leakage  by  infiltration  into  the  outlet  sewer  is  esti- 
mated at  about  120,000  gallons  per  day  ordinarily,  and  in  flood  time  at 
probably  350,000  gallons. 

Inasmuch  as  there  was  no  area  available  on  which  sewage  could  be 
delivered  by  gravity,  it  was  necessary  to  raise  the  sewage  to  the  filtra- 
tion area  by  pumping.  The  force  main  provided  for  this  purpose  is 
of  24-inch  cast  iron,  16,640  feet  in  length,  and  rises  34.5  feet  from  the 
pump  to  the  terminal  chaml)er. 

The  filter  area  comprises  some  30  acres,  laid  out  in  23  beds.  The 
soil  of  this  area  is  mostly  sand  for  the  depth  of  several  feet,  but  varies 
considerably  in  its  mechanical  constituents.  In  constructing  the  beds 
the  natural  material  was  not  disturbed  except  at  the  surface;  on  12  of 
them  the  sand  was  stripped  from  the  subsoil;  on  5,  a  thin  layer  of 
subsoil  has  been  allowed  to  remain,  and  6  of  the  beds  have  surfoces 
partly  of  the  top  sand  and  partly  of  subsoil.  The  general  method  of 
constructing  these  filter  areas  is  the  same  as  that  followed  elsewhere, 
and  need  not  be  especially  referred  to  at  length.  The  cost  of  the  dis- 
posal works  at  Brockton  is  stated  at  $209,772,  of  which  $59,536  was 
for  the  disposal  area  proper.  The  main  items  in  the  cost  of  the  dis- 
posal iCrea  are  3,046  square  yards  of  grubbing  at  $2  x>er  yard,  amount- 
ing to  $6,092;  85,830  cubic  yards  of  excavation  in  the  filter  beds,  at 
23  cents  per  yard,  costing  $19,739;  trenching  for  and  laying  sewage- 
distributing  pipes  and  underdrains,  $12,631;  land  damages,  $9,234. 
The  balance  of  the  $59,536  is  made  up  of  miscellaneous  small  items. 

The  exi)erience  with  the  sewage  beds  at  Brockton  has  indicated 
that  furrowed  beds  are  far  preferable  for  winter  disposal  to  flat  beds. 
During  the  winter  of  1894  several  of  the  beds  were  left  with  level  sur- 
faces, but  the  surface  froze  to  such  an  extent  on  these  as  to  prevent 
the  sewage  from  penetrating  them,  whereas  beds  which  had  been  fur* 
rowed  the  preceding  fall  took  sewage  readily  during  the  entire  winter. 
Accordingly,  in  the  winter  of  1895-96  all  the  beds  in  use  were  fur- 
rowed  and  no  trouble  was  experienced  during  that  season  from  6*002- 
ing.  The  following,  from  the  reports  of  the  city  engineer  of  Brockton, 
gives  the  average  amount  of  sewage  disposed  of  from  month  to  month 
and  its  temperature  as  it  reaches  the  beds. 
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Average  tmouHl  and  Icmprrature  o/lewage  r»eeif«d  nl  BrocktoH  neicofie-dUpiual  ie«rlt. 


Junnuy 

Vebrawy  .. 

April 

M*f 

Jnly 

Angiist 

Septonilier  . 
Octolior.... 
November.. 
Decembor . . 


215,000 

log^ooo 

142,000 


328,000 
195,000 
273,000 
375,000 
488,000 
174,000 
636.000 


174,000 
5t».i00 
MS,  500 
475, 100 
321,900 
381,700 
332.800 
36S.U00 
52T.100 
800,100 

«e,ooo 

699,000 


12.8 
53.5 


43.  S 
12.4 

4S.0 
53.1 


62.2 
61.0 
ST.  4 
54.1 
49.  S 


According  U*  the  report  of  tlie  Massachusetts  State  board  of  health 
for  1805,  the  cheminal  aDalygis  of  the  sewage  and  effiaent  from  tbe 
andenlraitiH  at  Brockton,  made  February  12, 1895,  resulted  as  follows: 
Ot  tbe  sewage,  tbe  total  residue  amounted  to  84.4  parts  per  100,0041,  or 
which  40.2  parts  were  dissolved  and  44.2  parts  suspended ;  the  total 
loss  OD  ignition  was  3S  paitti,  12,4  di«8olved  and  2~>.Ci  in  su'speuHion ;  the 
fi-ee  ammonia  amoant«d  to  3.46  parts  per  100,000;  tbe  total  albuminoid 
ammonia  to  0,91  part,  of  which  0.241  was  dissolved  and  0.066  part  in 
snapeusioa;  chloride  amounted  to  9.05  parts;  nitrogen,  as  nitrates  and 
nitritfis,  nil ;  the  oxygen  consumed  in  an  unfllt«red  sample  waa  8^  parts 
per  100,000,  and  in  the  filtered  sample  3.12  parts  per  100,000;  the  iron 
present  in  an  unfiltered  sample  was  0.32  part,  and  in  a  filtered  sample 
0,08  part  per  100,000.    The  hardness  was  6.4. 

The  effluent  of  the  same  date  showed  an  entire  absence  of  turbidity 
and  aediment,  while  tbe  sewage  was  thick  and  contained  a  heavy  black 
sediment.  Un  fi'eBsler's  scale  the  colors  uhowed  0.01;  tbe  residueon 
evaporation  was  4  parts  per  100,000 ;  free  ammonia,  0.024S  part; 
albuminoid  ammonia,  0.0038;  chlorine,  0.75  part;  nitrogen  as  nitrates, 
0.045  part;  nitrites,  nil;  the  oxygen  consumed  amounted  to  0.024,  part 
perlOO,000;  hardne8e,0.6;  andiron  entirely  absent.  In  regard  to  this 
effluent,  it  is  proper  to  remark  that  it  is  stated  to  contain  a  large 
amount  of  gronnd  water. 

The  design  at  Brockton  includes  a  number  of  refinements,  snch  as 
antomatic  arrangements  for  gaging  the  flow  of  sewage,  which  are  very 
creditable  to  the  city  engineer,  Mr.  tSnow,  as  well  as  to  the  municipal 
aatborities  of  Brockton  in  general.  CousideTvog  the  scientifiic  way  io 
wbicb  tbe  wort  there  has  been  stAtteA,  tViftxe  w  "ao  ■wawm.-^V^ '^Iw*. 
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degree  of  pniiflcation  to  be  attained  should  not  be  very  high,  especially 
since  the  works  are  to  be  operated  as  intermittent  filtration  areas  only, 
and  we  may  hope  in  the  fiitnre  to  obtain  firom  Brockton  farther  infor- 
mation of  yalae  and  interest  to  all  concerned  in  works  of  sewage  dis- 
posal. 

Daring  the  year  1896,  notwithstanding  the  additional  cost  of  consid- 
erable experimental  work,  the  total  cost  of  labor  at  disposal  works 
was  only  $2,195.21,  or  at  the  rate  of  $12  x>er  million  gallons  of  sewage 
treated.  This  snm  incladed  several  items,  sach  as  setting  of  trees, 
grading  aboat  bailding,  and  pix)e  testing,  which  were  in  the  natare  of 
X>ermanent  improvements.  Labor  expended  on  snrface  of  beds  amounted 
to  $932.03^  for  tending  gates,  $254.98;  and  for  removing  snow,  $61.04; 
a  miseellaneons  item  of  $295.40,  and  a  few  others  making  ap  the  remain- 
der. Probably  where  these  works  are  more  fnlly  establie^ed  the  cost 
of  a  treatment  which  yields  a  very  fair  efflaent  will  not  exceed  $7  or 
$8  per  million  gallons  treated ;  or,  taking  into  acconnt  the  value  of  the 
crops  raised,  the  works  will  be  about  selfsastaining. 

In  his  annual  report  for  1896  Mr.  Snow  has  given  a  considerable 
amount  of  interesting  information  as  to  the  operation  of  the  Brockton 
plant.  From  this  report  it  is  learned  that  a  variety  of  crops  was 
planted  on  the  beds  receiving  both  sewage  and  sludge,  such  as  pease, 
beans,  tomatoes,  sweet  com,  cabbages,  and  turnips.  Some  of  the  con- 
clusions derived  from  last  year's  exi)erience  are  as  follows:  Pease  and 
beans  it  is  considered  will  do  best  if  planted  on  level  beds  rather  than 
on  mounds.  The  pea  crop  last  year  was  successftil,  one  of  the  leading 
hotels  of  Brockton  taking  the  entire  product.  Beans  are  stated  to  have 
fiEuled.  Sweet  corn,  which  takes  a  large  amount  of  sewage  and  demands 
but  little  attention,  should  be  planted  4  feet  between  rows  and  in  hills 
3  feet  apart  in  the  rows.  Cabbage  requires  more  care  than  sweet  corn, 
and  when  sludge  is  applied  to  the  surface  of  the  bed  the  same  must  be 
irrigated  as  though  the  bed  were  not  cropped.  It  is  considered  that 
on  a  coarse  sand  or  gravel  soil  with  a  level  surfietce  turnips  should 
receive  large  doses  of  sewage,  while  with  heavier  soil  small  doses  and 
a  ridged  surfEM^  will  give  the  best  results.  Turnips  appear  to  require 
considerable  moisture  during  the  first  growth  and  but  little  after  the 
root  is  formed.  Six  beds  were  planted  with  field  com  on  May  10.  The 
crop  was  cultivated  on  June  1,  and  again  about  July  1,  with  a  horse 
hoe.  All  the  beds  did  well,  the  yield  of  one  amounting  to  144  bushels 
of  ears  per  acre,  or  about  70  bushels  of  shelled  corn.' 

Gardner. — ^This  place  is  a  manufacturing  town,  situated  in  the  central 
part  of  the  State,  on  a  divide  between  the  Connecticut  and  Merrimao 
rivers.  The  population  in  1890  was  8,424.  A  sewage-disposal  plant  by 
intermittent  filtration  was  constructed  in  1891,  in  conformity  with  plans 
approved  by  the  Massachusetts  State  board  of  health.    This  board 

iBefer  to  Ann.  Bepta.  of  City  Eng.  of  Brockton;  Bept*.  Kam.  St.  Bd.  of  Health;  Mid  radowi 
•rtiolw  in  En^.  New*. 
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nqoind  nevage  pvrificatioa  wl  OsdBflr,  bww  trmig  aewa^  iite 
tibc  <wly  mimPable  water  co«»c  woold  ptobably  crmie  •  hhmmiccl  The 
tract  pmchaMd  bj  the  tofrn  for  the  disponl  araa  iwlaiwMl  mboot  17 
acres  of  sand  aad  graTcDy  aofl.  Mach  of  the  ■■tyriil  ia  too  ihie  fat 
efficient  filtration.  This  was  orcreome  by  making  filter  beds  largd|f 
artificial,  they  being  filmed  of  adectod  porons  sand  and  grayel  fiom 
the  materiaL  At  pitaent  there  are  twelTC  thoiooghly  underdiaiiied 
filter  bedSy  with  a  total  area  of  LM  acres,  two  anpptonicntary  beds  not 
nndcrdrained  and  with  a  total  area  of  0^  ade,  also  two  other  smtll 
nndcfdrained  beds,  containing  altogether  0JL4  acre^  One  of  the  smaD 
beds  is  need  to  reeeiTe  sludge  from  the  shidge  tank. 

The  filter  beds  at  Gardner  are  smaller  than  tiiooe  naed  at  Mariboro^ 
Framingham,  and  other  places  in  Massachusetts,  described  further  oil 
The  sewage  is  ddiveied  upcm  the  beds  by  troughs,  and  each  bed  is 
provided  with  an  overflow  to  prevent  washing  away  the  banks  in  csae 
the  sewage  should  at  any  time  rise  too  high. 

The  results  obtained  at  Gardner  are  said  to  be  satiafiEMStory  in  son- 
mer,  but  in  wint^*  the  area  is  too  small  fivr  efficient  filtration,  a  diffi- 
culty which  can  be  remedied  by  providing  a  larger  area.  The  sewage 
reaches  the  filter  area  during  the  winter  at  a  temperature  not  much 
above  40o  F. 

The  cost  of  preparing  beds  with  piping  was  about  12  cents  per  square 
foot  of  area.  The  total  cost,  including  tanks  and  accessories,  was  aboot 
14  cento  per  square  foot  of  filter  areas.^ 

OreenfieUL — ^This  place  had  a  population  in  1890  of  5,2fi8.  Sewage  has 
been  used  for  irrigation  upon  a  meadow  owned  by  a  private  party  since 
1882.  As  originally  designed,  the  sewage  was  systematically  dis- 
tribnted  over  the  meadow,  but  daring  the* last  few  years,  since  the 
death  of  the  former  owner,  apparently  bat  little  effort  at  sach  distribu- 
tion has  been  made.  In  consequence,  recent  statements  at  hand  indicate 
that  the  sewa^^^e  has  caused  a  nuisance. 

Lenox. — ^This  place  had  a  population  in  1890  of  2,889.  A  combined 
system  of  subsurfiBM^  and  surface  irrigation,  preceded  by  tank  sedimen- 
tation, was  adopted  in  1876,  at  which  time  the  population  was  probably 
somewhat  less  than  2,000.  The  total  area  originally  employed  was  only 
about  1^  acres.  In  October,  1888,  a  new  sabsarface-disposal  area  was 
placed  in  operation,  which,  however,  did  not  cover  the  whole  17  acres 
purchased.  As  to  recent  results  no  information  is  at  hand.  Lenox 
enjoys  the  distinction  of  being  the  first  town  in  Massachusetts  to  con- 
struct sewage-disposal  works.^ 

MarUtoro. — Population  in  1890,  13,805.  The  city  is  situated  on  the 
dividing  ridge  between  the  Sudbnry  and  Assabet  rivers.  The  greater 
part  of  the  drainage,  however,  naturally  flows  into  Sudbury  Kiver, 

1  Refer  to  Twenty  •fourth  Ann.  Bept  Mass.  St.  Bd.  Health.  1892 ;  Sewage  DiapoMd  in  the  United  Statet. 
18M ;  and  Eng.  Newn,  Vol.  XXIX,  Feb.  16. 1893. 

'Refer  to  Twcnty-flflh  Ann.  Rept.  Mass.  St.  Bd.  Health;  Sewage  Disposal  in  the  United  Sutes; 
snd  Bag.  NewB,  Vol.  XXVIII,  July  14  and  21, 18W. 
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horn  wluch  Boston  takes  a  portion  of  its  water  supply.  The  city  of 
Boston)  therefore,  had  a  direct  interest  in  so  disposing  of  the  Marlboro 
sewage  as  to  leave  the  Sadbory  Eiver  onpolluted,  and,  after  some 
negotiations,  agreed  to  pay  $62,000  toward  constructing  the  sewage- 
disposal  plant.  The  sewage  flowa  to  the  disposal  fields  by  gravity. 
The  total  area  purchased  by  the  city  is  62  acres,  upon  which  forty-four 
beds  for  the  filtration  of  sewage  and  six  similar  beds  for  sludge  dis- 
I)osal,  all  covering  with  their  dividing  embankments  a  total  area  of 
about  37  acres,  have  been  laid  out.  Thus  far  four  sludge  beds  and 
thirteen  sewage  beds,  or  a  total  of  about  11.3  acres,  have  been  pre* 
pared  for  use.  The  material,  which  is  for  the  most  part  a  somewhat  fine, 
porous  sand  with  an  effective  size  of  0.12  to  0.14  millimeter,  has  been 
thoroughly  underdrained  by  means  of  parallel  lines  of  4-inch  pii>e8 
laid  with  open  joints  50  feet  apart  and  about  6  feet  beneath  the  surface. 
Filter  beds  were  prepared  for  use  by  the  removal  of  the  top  loam  and 
the  leveling  of  the  surface  of  each  at  a  convenient  elevation. 

The  principal  industry  at  Marlboro  is  the  manufacture  of  boots  and 
shoes;  and,  aside  from  the  wastes  of  the  manufacturing  establishments, 
the  sewage  is  ordinary  city  sewage,  varying  in  strength  with  the 
amount  of  ground  water  entering  the  sewers,  which  were  constructed 
on  the  separate  system.  No  uuderdrains  were  laid  beneath  the  sewers, 
and  during  wet  seasons  a  large  amount  of  ground  water  gains  access 
to  them  through  the  joints.  The  total  length  of  sewers  laid  to  the  end 
of  1895  was  a  trifle  over  22  miles.  The  amount  of  sewage  is  not  defi- 
nitely known.  A  measurement  on  May  12, 1892,  indicated  about  30,000 
gallons  x>er  day;  on  May  25,  1892,  after  heavy  rains,  tlie  flow  was 
790,000  gallons  per  day.  No  attempt  has  thus  far  been  made  to  raise 
crops  on  the  filter  areas. 

The  results  obtained  in  purification  have  been  satisfactory;  over 
95  per  cent  of  the  organic  matter,  as  represented  by  the  albuminoid 
ammonia,  having  been  removed.  The  winter  temperature  of  the  sew- 
age as  it  reaches  the  fields  is  from  39^  to  42^  F.  The  winter  experience 
indicates  that  the  beds  work  much  better  when  ridged — as  seen  in  PI.  lY, 
showing  the  filter  areas  at  Pawtucket,  Rhode  Island — than  when  left 
level. 

It  has  not  been  the  custom  to  employ  a  man  constantly  in  caring 
for  the  sewage  disiK)8al,  but  only  from  time  to  time  as  required  to 
change  the  flow  of  sewage  and  to  remove  scum  from  the  snrlace  of  the 
beds,  etc.,  payment  being  made  by  the  hour  for  the  time  actually  con- 
sumed. The  cost  of  all  work  on  account  of  the  disposal  plant  during 
the  year  1893  amounted  to  $497.19.  There  seems  to  be  no  doubt, 
therefore,  if  the  amount  of  labor  was  sufficient,  that  the  town  could 
recoup  itself  for  the  expenditure  by  preparing  more  beds  and  raising 
crops  thereon.^ 


I  Itofer  to  Twentyfonrtb.  Twenty-fifth,  and  Twenty-aeventh  Ann.  Repts.  Mass.  St  fid.  Health ; 
^wage  Disposal  in  the  United  SUtes;  and  £ng.  News,  Vol.  XXVIII,  Aa^.  25, 188%. 
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Ooneordj  Ma$ia6hu$ett$  Befarmaiarff.^^The  aewage  of  this  faittitqtiaa 
was  originally  disoharged  into  the  Assabet  Biverat  a  point  neartte 
institation,  bnt  in  1883  an  act  was  passed  by  the  Massachusetts  kgii- 
tnie  authorizing  an  expenditnie  of  a  snm  not  exceeding  $5,000  ftar  tiie 
disposal  of  the  sewage  by  some  other  method.  The  jAaaaa  adqited 
inclnde  arrangements  for  pumping  the  sewage  upon  an  acyacent  field, 
where  it  is  used  in  broad  irrigation  of  grass  and  com  crops,  as  weD  as 
other  tilled  crops  to  some  extent  The  soil  of  this  field  is  light,  frae, 
and  sandy,  with  the  ground  water  at  a  considerable  depth  bdov  the 
surface.  Portable  troughs  are  used  for  distributing  the  sewage  to 
different  parts  of  the  field. 

The  labor  is  all  done  by  convicts.  Assuming  a  fiur  valuation  ftar  the 
labor  actually  used  under  normal  conditions  of  employment,  we  have 
the  following  as  the  approximate  annual  cost  of  operation :  55  tons  soft 
coal,  at  $4,  $220;  salary  of  attendant,  $600;  repairs  and  snndrieB,  $80; 
total,  $000.^ 

Medfield. — Population  in  1890,  1,493.  Sewers  and  sewage-Biq^oeal 
works  were  constructed  in  1886,  the  sewage  disposal  indading  pre- 
liminary sedimentation  and  upward  filtration  through  exoelsior  supple- 
mentecl  by  intermittent  filtration  through  natural  soil.  The  material 
of  the  filter  area  is  mostly  c6arse  gravel,  with  ground  water  about  10 
feet  below  the  surfiices  of  the  beds,  which  are  underdrained.  Then 
are  four  beds  which,  as  a  general  rule,  take  the  sewage  in  turn  Jbr  two 
days.  The  filter  area  consists  of  1  acre  of  ground,  graded  nearly  level 
The  entire  cost  of  the  disposal  works,  including  cesspool,  pipe  from 
cesspool  to  outlet,  earthwork,  engineering,  superintendence,  and  profit 
to  contractor,  was  about  $1,000.  The  annual  expense  of  maintenance 
is  stated  at  about  $30  a  year,  the  labor  being  chiefly  to  chiuige  regu- 
larly the  gate  whereby  the  sewage  is  diverted  from  one  portion  of  the 
filtration  area  to  another. 

Analyses  of  the  effluent  firom  the  Medfield  area,  made  in  October, 
1893,  showed  that  the  quality  was  still  quite  as  good  as  indicated  by 
analyses  made  when  the  works  were  first  operated  in  1887.' 

Mystic  Valley. — ^These  works,  which  are  operated  by  chemical  pre- 
cipitation purely,  were  constructed  in  1887  and  1888  by  the  city  of 
Boston  in  order  to  protect  the  Upper  Mystic  Lake,  whence  the  water 
supplies  of  the  Gharlestown  district  of  the  city  of  Boston  and  of  the 
towns  of  Chelsea,  Everett,  and  Somerville  are  derived. 

Near  the  head  of  Upper  Mystic  Lake,  in  Winchester  and  Wobnin, 
there  are  sibout  a  dozen  tanneries,  the  drainage  from  which  formerly 
passed  directly  into  the  lake,  which  was  also  considerably  polluted  by 
house  drainage  flowing  into  the  Abbajona  Eiver,  the  influent  stream  d 
Mystic  Lake.  In  1878  a  sewer  was  constructed  intercepting  all  tiiis 
objectionable  drainage  and  delivering  it  into  Lower  Mystic  Lake,  which 

1  Befer  to  Seventh  Ann.  Rept.  Moss.  St.  Bd.  of  Health,  Lunacy,  and  Charity,  Snpplement,  188C 
'Refer  to  Nineteenth  Ann.  Bept.  Maaa.  St.  B<\.B.Qa^tY\;  3out.  k.««o^.Y.Ti%.^oQa.^  VoL  VII,  July.  IW. 
sod  Eog.  and  Bldg.  Reed.,  Vol  XVIU,  1888. 
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is  sabjeot  to  tidal  action.  Its  deliTery  there,  however,  led  to  contro- 
versies between  the  adjoining  towns  and  the  city  of  Boston,  which 
were  finally  settled  by  the  constmctiou  of  the  Mystic  Valley  Chemical 
Purification  Works.  Inasmach  as  the  chief  object  of  these  works  was 
to  purify  manufacturing  wastes,  they  may  easily  be  placed  first  among 
successful  works  of  this  character.  A  general  view  of  the  works  is 
given  in  fig.  1  of  Water-Supply  and  Irrigation  Paper  No.  3. 

The  works  consist  in  detail  of  a  pump  well,  connected  with  the  main 
sewer  by  a  branch  sewer  of  brick,  a  sewage  pump  and  engine,  engine 
house,  four  settling  tanks,  a  sludge  well,  sludge  pump,  and  a  series  of 
settling  basins  for  receiving  the  sludge.  In  the  engine  house  there  are ' 
three  vats  so  arranged  that  the  precipitant  is  fed  from  the  middle  vat, 
which  is  placed  lower  than  the  other  two,  in  which  the  precipitant  is 
dissolved.  These  vats  are  provided  with  steam  coils  for  heating  the 
water  used  and  with  a  stirring  apparatus  driven  by  the  engine.  The 
precipitant  is  fed  to  the  sewage  as  it  flows  from  the  branch  sewer  into 
the  pump  well,  where  the  process  of  pumping  thoroughly  incorporates 
the  chemicals.  From  the  pump  the  sewage  passes  into  the  settling 
tanks.  It  is  then  allowed  to  remain  quiescent  for  about  tjhree  hours, 
when  it  is  found  that  the  sedimentation  process  is  complete.  The  clar- 
ified effluent  is  then  drawn  off  by  removing  stop  planks.  The  sludge  is 
pumi>ed,  as  necessary,  into  a  flume  which  conveys  it  to  the  sludge 
basins  shown  in  fig.  1  of  Water-Supply  and  IiTigation  Paper  No.  3. 

The  cost  of  the  works,  including  the  preparation  of  the  sludge  basins, 
was  $10,410. 

For  the  thirteen  months  ending  January  31,  1892,  the  total  quantity 
of  sewage  pumped  and  treated  was  133,102,028  gallons.  Sulphate  of 
alumina  is  used  as  the  precipitant,  and  during  this  period  the  total 
quantity  consumed  was  331,890  pounds;  the  amount  of  coal,  210.7  tons. 
The  quantity  of  sludge  removed  during  the  same  period  was  2,334  cubic 
yards,  which  was  mostly  carted  away  by  a  neighboring  farmer  for  fer- 
tilizer. The  rate  of  application  of  participant  was  1  part  to  3,354  parts 
of  sewage  or  1.24  net  tons  per  1,000,000  gallons  of  sewage. 

The  operation  of  this  plant  by  the  city  of  Boston  ended  July  18, 1895, 
at  which  time  the  Metropolitan  Sewage  Commission  assumed  control  of 
it.  From  January  1  to  July  18, 1895,  the  average  daily  amount  of 
sewage  pumped  and  treated  was  376,400  gallons,  requiring  143,540 
X>ounds  of  sulphate  of  alumina.  The  Metropolitan  Commission  has 
made  the  Mystic  Valley  sewer  a  part  of  the  Metropolitan  sewerage 
system  and  discontinued  the  chemical  treatment.  The  first  annual 
report  of  the  Metropolitan  water  commissioner  for  the  year  ending 
January  31, 1896,  states  that  this  plant  required  the  service  of  about  14 
men  to  operate  it,  and  that  its  discontinuance  removes  an  annual 
expense  of  about  $20,000.^ 

■Refer  to  annual  reports  Boston  Waterworks-,  First  Ann.  Rept.  Met.  Water  Com.;  Sewage  Dis* 
pojMil  in  the  ITnited  States:  a  paper  by  W.  F.  Lamed  in  Jour.  Assoc.  Eng.  Socs.  for  June,  1888;  and 
Bug.  and  Bldg.  Reed.,  VoL  XIX,  1889. 
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NaticJe. — ^Natick  is  aboat  17  miles  from  Boston,  on  the  Boston  and 
Albany  Bailroad,  and  had  in  1890  a  population  of  9,118.  A  public  water 
supply  has  been  in  use  since  1874.  In  1885  Eliot  O.  Clark,  engineer 
to  the  Massachusetts  drainage  commission,  recommended  that  a  joint 
sewage-disposal  system  be  built  for  the  towns  of  Katick,  Framingham, 
and  Ashland,  and  for  the  Sherbom  Prison,  situated  a  short  distance 
from  South  Framingham,  the  principal  village  in  Framingham  town, 
with  disposal  on  a  gravelly  and  sandy  area,  which  has  since  been 
selected  by  Framingham  and  Natick  for  this  purpose.  Mr.  Clark's  idea 
was  that  these  several  towns  and  the  public  institution  should  act  in 
concert,  but,  unfortunately,  the  difficulty  of  reconciling  local  differences 
prevented  the  adoption  of  his  scheme.  The  two  towns  of  Framingham 
and  Natick  have,  however,  acted  separately  in  utilizing  the  area  selected 
by  Mr.  Clark.  Framingham  completed  its  sewerage  and  sewage- 
disposal  system  in  1889,  while  the  Natick  system  was  put  in  operation 
only  during  the  year  1896. 

The  indifference  of  Natick  as  to  sewage  purification  has  been  for  a 
number  of  years  particularly  flagrant  by  reason  of  the  flow  of  a  con- 
siderable portion  of  the  town  sewage  into  Pegan  Brook,  a  tributary  of 
Lake  Cochituate,  one  of  the  main  sources  of  the  Boston  water  sapply. 
Negotiations  have  been  had  between  the  city  of  Boston  and  Natick 
looking  to  purification  of  this  sewage,  but  without  effect.  Finally,  a 
few  years  ago,  the  city  of  Boston  constructed,  at  its  own  expense,  on  a 
sandy  plateau  adjacent  to  the  lake,  a  filter  area  upon  which  the  ordi- 
nary flow  of  Pegan  Brook  was  diverted  and  purified  by  intermittent 
filtration.  Some  portion  of  the  flood  flow  of  the  brook  has,  however, 
necessarily  gone  into  the  lake  whenever  heavy  rains  occurred. 

The  construction  of  the  Natick  works  began  in  1895,  under  the  direc 
tion  of  Samuel  M.  Gray  as  engineer.  The  detailed  plans  prepared  by 
him  provide  for  bringing  the  sewage  by  gravity  to  a  pumping  station 
through  a  30-inch  circular  brick  sewer  and  24-iuch  cast-iron  pipe  witb 
lead  joints.  The  24-inch  pipe  is  used  where  the  main  sewer  passes  near 
the  head  of  Lake  Cochituate,  in  order  to  prevent  any  possible  leakage 
into  that  body  of  water. 

The  pumping  station  is  provided  with  a  screen  chamber,  receiving 
gallery,  storage  reservoir,  pump  wells,  etc.,  and  the  usual  accessories 
of  such  a  plant.  According  to  a  statement  made  by  Mr.  Gray,  when 
the  sewage  reaches  the  screen  chamber  it  passes  through  iron  bars 
placed  three  quarters  of  an  inch  ai)art,  after  which  it  may  be  turned, 
as  desired,  either  into  reservoirs  for  storage  or  into  a  pumi>  well,  from 
which  it  may  be  raised  directly  to  the  filter  areas.  In  this  latter 
arrangement  the  pump  can  be  regulated  to  take  the  flow  as  it  comes, 
thereby  saving  the  lift  which  would  otherwise  be  necesvsary  if  it  went 
to  the  reservoir.  The  total  capacity  of  the  reservoir  is  500,000  gal- 
lons. The  intention  is  that  the  night  and  Sunday  flow  be  stored  in  the 
reservoir. 
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The  sewage  is  deUvered  to  the  filter  areas  through  8,000  feet  of 
16-inch  cast-iron  force  main,  laid  on  a  grade  tbroaghoat  its  entire 
length,  for  the  purpose  of  permitting  the  contents  to  flow  entirely 
back  into  the  pump  well  in  case  it  becomes  necessary  to  clean  the 
interior  surface  of  this  pipe 

The  tract  of  land  appropriated  for  the  disposal  works  was  originally 
covered  with  a  small  growth  of  wood  brush.  The  soil  is  sandy  and 
generally  well  adapted  to  filtration,  although  there  are  thin  layers  of  ' 
sandy  clay  in  some  of  the  beds  which,  as  Mr.  Gray  believes,  will  make 
it  necessary  to  lay  underdrains.  The  efilueut  li-om  the  underdrains 
will  be  discharged  into  a  small  stream  which  enters  the  Sudbury 
River  below  the  outlet  of  Lake  Oochituate.  It  will  be  noticed,  there- 
fore, that  the  sewage,  as  well  as  the  effluent,  is  entirely  diverted  firom 
Lake  Oochituate,  in  the  same  way  as  in  the  neighboring  town  of  Fram- 
ingham. 

The  entire  plant  as  designed  includes  the  preparation  of  12  acres  of 
filters  to  be  underdrained  with  3-inch  tile,  laid  on  a  grade  of  2  feet  in 
a  hundred,  in  lines  36  feet  apart.  The  work  in  1895  included  the 
preparation  of  2  filter  beds  of  1  acre  each,  from  which  the  underdrains 
were  omitted.    Another  bed  was  completed  in  1896  with  underdrains.^ 

Norfolk  County  Jat7.— This  institution  has  a  land  disposal  plant  of 
some  sort,  particulars  of  which,  however,  are  not  at  hand. 

North  Brookfield. — ^The  village  of  North  Brookfield  is  situated  in  the 
town  of  Spencer,  in  which  a  water  supply  was  introduced  in  1883.  The 
population  of  the  whole  town  in  1890  was  8,747,  having  increased  from 
7,466  in  1880.  Korth  Brookfield  proper,  however,  has  a  population  of 
only  about  3,000,  which  can  be  ultimately  connected  with  the  main 
sewer  as  built  in  1893,  when  sewage-disposal  works  were  also  built,  the 
system  adopted  being  that  of  broad  irrigation.  According  to  a  state- 
ment of  Mr.  Craig,  the  supervising  engineer  of  the  work,  published  in 
the  Engineering  News  of  March  22,  1894,  it  would  appear  that  there 
are  about  20  acres  of  a  farm  owned  by  the  town  which  is  well  adapted 
to  broad  irrigation,  the  soil  being  naturally  very  light  and  dry,  and  not 
yielding  heavy  crops  under  ordinary  methods  of  farming.  In  order  to^ 
reach  the  highest  point  of  this  area  it  was  necessary  to  employ  an 
inverted  siphon  about  1,600  feet  in  length,  which  has  been  saccessMly 
constructed  and  operated,  and  a  profile  of  which  may  be  seen  in 
Engineering  News  at  the  place  indicated. 

This  sewage  farm  was  first  in  working  order  in  November,  1893,  and 
no  statements  as  to  the  results  of  broad  irrigation  are  yet  at  hand.  It 
is  considered,  however,  that  with  the  favorable  soil  of  the  locality  very 
satisfactory  results  may  be  attained.  This  farm  is  also  interesting  as 
being  very  inexpensive,  the  total  cost  of  the  entire  system  of  sewers^ 
including  flush  tanks,  screen  chamber,  and  labor  necessary  in  prepar- 
ing the  farm,  being  only  $9,700.  The  sewage  is  first  received  in  a 
storage  tank,  from  which  it  is  discharged  intermittently  to  the  farm. 

'  Befer  to  Bug.  News,  Vol.  XXXV,  Jxoi©  4,  \«%. 
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Pegam  Brook* — Some  general  BtatementB  in  regwd  ta  the  Alter 
constracted  for  tlie  purpose  of  exdnding  from  Idike  Ooehitoato  the  raw 
sewage  of  Natick,  which  previous  to  thd  oonBtniotkm  of  the  Batiek 
sewage-disposal  works  flowed  into  Pegan  Brook  and  thenoe  directly 
into  the  lake,  have  been  made  in  discussing  Katick  (pp.  6CMI1),  and  aftv 
detailed  statements  may  now  be  added.  The  Alter  areas  are  three  in 
number,  constructed  by  removing  the  soil  and  pladn|f  it  in  emfaank 
ments  5  feet  high  around  and  between  the  beds.  The  Altar  aaMdi 
to  tiie  depth  of  8  fbet,  is  mostly  sand,  about  as  Ane  as  ocdlanjr  pliitar 
sand.  The  three  beds  are  about  2, 0.75,  and  1.25  aorafl| 
Their  elevatious  are  140,  144,  and  146.8  fbet  above  the 
datum,  134.4  feet  being  the  elevation  of  low  water  in  tbe 
lowest  bed,  with  an  area  of  about  2  acres,  is  not  undevdraiiiald^' 
percolates  freely  through  the  sand,  which  is  stated  to  be 
Alter  materiaL  Underdrains  about  100  fbet  apart  and  8  flsefc 
laid  beneath  the  upper  beds.  They  consist  of  8-inch  vitriAed  tile  ^tf^ 
laid  with  open  joints  wrapped  with  canvas.  The  underdrains  won 
chiefly  designed  in  order  that  samples  of  the  effluent  may  be  obtabied 
A>r  examination.  An  earth  dam  for  diverting  the  water  of  the  brook 
onto  the  filter  beds  and  a  pumping  plant  were  indnded  in  the  plans. 
The  entire  cost  is  stated  at  $12,585.11. 

The  Pegan  Brook  filters  are  of  special  interest,  becanae,  so  fiur  as 
known,  they  are  the  first  filter  areas  ever  constructed  fbr  the  filtration 
of  a  polluted  feeder  to  a  natural  lake  which  is  the  source  of  a  public 
water  supply.  There  may  possibly  be  some  such  arrangement  in  use 
abroad,  but  certainly  this  is  the  first  plant  constructed  for  sueh  purpose 
in  the  United  States.^ 

^yalthamJ  School  fpr  the  Feeble-Minded. — ^An  Intermittent  subsur&ce 
irrigation  or  filtration  plant  was  constructed  at  this  State  institution 
about  1890.  In  1893  permission  was  granted  to  connect  the  sewers  of 
the  school  with  the  sewerage  system  of  the  city  of  Waltham,  sinoe 
which  time  it  is  understood  that  the  disposal  area  has  been  out  of 
service. 

^  Sherhom  Prison. — ^A  number  of  years  ago  arrangements  were  nMdfi 
for  disposing  of  the  sewage  of  this  State  institution  by  subanzflM 
irrigation.  Information  as  to  the  extent  aud  success  of  tiie  prqjeet  ii 
not  at  hand.    The  works  are  believed  to  be  out  of  use. 

8ouih  Framingham. — ^The  sewage-disposal  works  at  South  Frudsf- 
ham,  Massachusetts,  are  of  cousiderable  interest  as  involving  both 
broad  irrigation  aud  intermittent  filtration,  and  also  because  real  prog- 
ress has  been  made  here  in  raising  crops  on  filter  beds.  Unfortunateiy, 
at  South  Framingham,  as  well  as  at  about  all  the  other  sewage  fiBurms 
in  the  United  States,  no  one  has  yet  attempted  to  keep  statistics  as 
to  the  daily  flow  of  sewage,  the  amount  applied,  and  other  important 
facts,  data  which  must  be  at  hand  before  definite  conclusions  can  be 


'Refer  to  Add.  Sept.  Boston  Waterworks  for  IB^,  miA  "Bix%.  «a^'KV^%/&««stdL^'^<^.^XXSX^k:^. 
28,J8ff4, 
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drawn  as  to  the  efBciency  of  the  process  at  any  given  point.  In  &yor 
of  Sonfh  Framingham  it  may  be  said  that  the  cropping  on  the  filter 
beds  has  been  very  successfu],  bat  as  the  results  have  been  referred 
to  on  page  43  of  Water-Supply  and  Sewage  Irrigation  Paper  Ko.  3,  a 
farther  account  here  is  unnecessary.^ 

WeUesUy  CoUege. — Previous  to  1892  the  sewage  was  mostly  disposed 
of  by  passing  it  through  small  and  imx)erfect  artificial  filters  of  peat 
and  gravely  but,  as  the  results  were  unsatisfactory,  new  works  were 
constructed  in  that  year  for  treatment  by  intermittent  filtration. 
Additions  to  the  works  were  made  in  1893.  The  sewage  to  be  treated 
is  that  of  abont  500  persons,  for  which  purpose  a  filtration  area  of  1.55 
acres  has  been  provided.' 

Westbaro. — Population  in  1890,  5,195.  Construction  of  a  sewerage 
system  began  in  1891.  About  33  acres  of  land  located  on  the  right 
bank  of  the  Assabet  Biver  have  been  acquired  by  the  town  for  sewage- 
disposal  purposes,  nearly  one-half  of  which  may  be  classed  as  either 
swamp  or  meadow,  subject  to  flooding  at  times  of  high  water.  The 
sewage  is  conducted  to  a  settling  tank  on  the  disposal  area,  built  in 
two  compartments,  with  a  total  capacity  of  less  than  1,000  gallons. 
Two  filter  beds,  with  a  total  area  of  a  little  over  2  acres,  were  prepared 
in  1892  by  stripping  off  most  of  the  loam  and  filling  with  coarse  gravel, 
the  material  beneath  being  a  fine  compact  sand  nearly  impervious  to 
water.  The  information  at  hand  indicates  that  this  plant  has  not 
worked  well.* 

Worcester. — ^To  show  the  relative  degree  of  purification  obtained  by 
chemical  processes  of  treatment  in  comparison  with  intermittent  filtra- 
tion and  irrigation  processes,  brief  reference  may  be  made  to  the  results 
obtained  by  the  works  at  Worcester,  Massachusetts,  which  may  be 
considered  not  only  the  best  example  of  a  chemical-purification  plant 
on  a  large  scale  thus  far  completed  in  the  United  States,  but  which,  in 
the  opinion  of  those  competent  to  judge,  is  as  good  an  example  of  this 
method  of  purification  as  can  be  found  anywhere.  The  fact  that  it  has 
not  been  successful  in  entirely  mitigating  the  pollution  of  the  Black- 
stone  Biver,  into  which  the  effluent  from  the  Worcester  works  flows, 
must  be  attributed  to  inherent  difficulties  of  the  chemical  process,  and 
not  to  any  lack  of  proper  application  of  that  process  at  Worcester. 
Indeed,  the  author  takes  pleasure  in  saying  that  after  having  examined 
the  large  purification  works  abroad,  as  well  as  a  greater  portion  of 
those  in  this  country,  he  has  nowhere  seen  a  better  example  of  the 
chemical  treatment,  pure  and  simple,  than  that  at  Worcester. 

According  to  the  report  of  the  superintendent  of  sewers  for  the  year 
1895,  it  appears  that  in  1894,  as  an  average,  these  works  removed  49.35 
per  cent  of  the  total  amount  of  organic  matter  present  in  the  sewage 
as  determined  by  evaporation;  of  the  amount  m  suspension,  94.45  per 


1  Befer  to  Report  of  Com.  on  Drain,  and  Sow.,  etc.,  Nov.,  1889;  several  articlet  in  £ng.  Newa;  and 

lewage  DiBpoBal  in  the  United  States.  Jj 

•Smtar  U  x'wnttj-aftb  Ann.  Bept.  Mmb,  St  Bd.  Health,  ISM.  ^ 
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cent  was  removed;  of  the  total  amoaut,  based  ou  the  albuminoid 
ammonia,  50.79  per  cent  was  removed;  of  the  amount  in  saspension, 
based  on  the  albuminoid  ammonia,  89.54  i>er  cent  was  removed;  the 
total  amount  by  oxygen  consumed  was  43.84  per  cent,  and  the  amount 
in  suspension  by  oxygen  consumed  81.08  per  cent. 

Experience  at  Worcester  indicates  that  different  percentages  were 
removed  in  the  various  seasons,  as,  for  instance,  in  1894  the  total  per* 
cent  of  organic  matter  removed  from  the  sewage  as  an  average,  from 
July  to  December,  was,  by  evaporation,  55.02  per  cent;  the  amoant 
iu  suspension,  also  by  evaporation,  95.76  per  cent;  the  total  amount  of 
albuminoid  ammonia,  53.78  per  cent;  the  total  amount  by  Baspeorion 
in  albuminoid  ammonia,  94.36;  total  amount  by  oxygen  oonsomed, 
50.23  per  cent;  the  amount  in  suspension  by  oxygen  oonsamed,  92.42 
per  cent. 

From  December  to  July  the  total  amount  of  organic  matter  removed 
by  evaporation  was  42.76  per  cent;  amount  in  suspension,  93.08;  total 
amount  by  albuminoid  ammonia,  46.63  per  cent;  amount  in  sospensioD 
by  albuminoid  ammonia,  8^.26;  total  amount  by  oxygen  consumed, 
37.11;  amount  in  suspension  by  oxygen  consumed,  89.27  per  cent. 

The  average  analyses  of  the  sewage  for  the  year  ending  December  1, 
1895,  were  as  follows:  Free  ammonia,  1.16  parts  per  100,000;  total 
albuminoid  ammonia,  0.518  part;  dissolved  albuminoid  ammonia,  0.249 
part;  suspended,  0.270  part.  The  oxygen  consumed  in  unfiltered 
sewage  was  5.27  x)arts  and  in  filtered  sewage  2.91  parts  per  100,0(K), 
and  the  chlorine,  5.98  parts.  The  average  of  the  effluent  for  the  same 
year  was:  Free  ammonia,  1.008  parts;  total  albuminoid  ammonia, 0.2.12 
part,  of  which  0.228  part  was  dissolved,  0.024  part  snspende<i.  In 
unfiltered  effluent  the  oxygen  consumed  amounted  to  2.4  parts  and  in 
filtered  effluent  2.27  parts,  and  the  chlorine  to  5.92  parts  per  100,000. 
Taking  the  purification  by  percentage  actually  removed,  we  have,  for 
the  free  ammonia,  13.02  per  cent;  total  albuminoid  ammonia,  51.63  per 
cent;  dissolved  albuminoid  ammonia,  8.43  percent;  suspended albnuii- 
noid  ammonia,  91.11  per  cent;  oxygen  consumed,  total,  54.35;  in  solu- 
tion, 21.99 ;  chlorine,  1.05  per  cent.  It  will  be  noticed  that  the  chemical 
process  only  moderately  touches  the  free  ammonia  and  the  dissolved 
albuminoid  ammonia. 

The  works  at  Worcester  were  construc^ted  chiefly  because  of  serioaB 
complaints  on  the  Blackstone  Elver  as  to  the  pollution  caused  by  the 
Worcester  sewage,  which  originally  flowed  into  the  stream  in  a  raw 
state.  The  following  gives  the  mean  of  a  series  of  analyses  of  the 
stream  as  made  by  the  Massachusetts  State  board  of  health  in  1895: 
Color  on  Nessler's  scale,  0.71  part  per  100,000;  total  residue  on  evap 
oration,  22.15;  loss  on  ignition,  5.18;  free  ammonia,  0.3246  part  i)er 
100,000;  total  albuminoid  ammonia,  0.0898  part,  of  which  0.0597  part 
was  dis^solved  and  0.0301  part  was  suspended;  chlorine,  1.86  parts; 
nitrogen  as  nitrates,  0.02G7  part;  lulxogiiw  a^  \\\\x'\\Ai^^VN,^^^^'ict*^  hard- 
^8,  7.3. 
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In  considering  these  results  it  should  be  remembered  that  the  sew- 
erage system  of  the  city  of  Worcester  is  a  combined  system,  and  that 
frequently  at  the  time  of  heavy  rains  a  considerable  portion  of  the 
sewage  flows  into  the  Blackstone  Biver  entirely  without  treatment. 
The  information  in  regard  to  the  Worcester  works  is  too  extensive  to 
be  given  in  detail  here.  It  may  be  found  in  the  several  annual  reports 
of  the  city  engineer  and  the  superintendent  of  sewers  of  the  city  of 
Worcester,  and  also  in  the  reports  of  the  Massachusetts  State  board  of 
health. 

The  litigation  between  the  city  of  Worcester  and  the  town  of  Mill- 
bary,  a  few  miles  down  the  river,  on  account  of  the  pollution  of  the  ' 
Blackstone  Eiver,  may,  however,  be  briefly  mentioned  by  reason  of  its 
being  the  most  extensive  of  legal  proceedings  involving  stream  pollu- 
tion thus  far  taken  in  the  United  States.  Without  detailing  idl  the 
steps,  it  may  be  stated  that  the  objections  of  Millbury  finally  resulted 
in  the  passage  of  a  mandatory  act  of  the  Massachusetts  legislature 
requiring  Worcester  to  purify  its  sewage  before  allowing  it  to  flow  into 
the  Blackstone  Biver.  Under  the  provisions  of  this  act  the  purification 
works  were  built  and  first  operated  in  1890. 

In  1890  the  population  of  Worcester  was  84,655,  while  m  1895  it  had 
increased  to  98,678,  and  at  the  same  time  the  pollution  of  the  river 
was  so  bad  that  in  the  latter  year  Millbury  again  brought  suit  against 
Worcester.  At  the  trial,  in  April,  1896,  the  case  of  the  town  of  Mill- 
bury was  supported  by  Allen  Hazen,  Col.  George  E.  Waring,  jr., 
Budolph  Hering,  Mrs.  Ellen  H.  Bichards,  and  George  W,  Bafter,  while 
Worcester's  side  was  represented  by  Samuel  M.  Gray,  Prof.  William 
T.  Sedgwick,  Prof.  H.  P.  Kinnicut,  Charles  A.  Allen,  Harrison  P.  Eddy, 
and  F.  A.  McClure.  The  testimony  touched  nearly  every  phase  of 
sewage  purification  and  stream  pollution.  In  a  decree  dated  December 
14,  1896,  the  presiding  justice  ordered  that  within  three  months  Wor- 
cester should  take  steps  to  purify  the  stream.  The  preliminary  steps 
to  comply  with  this  decree  have  been  taken. 

Worcester  Insane  Hospital, — These  works  were  constructed  in  1876, 
and  have  since  successfully  disposed  of  the  sewage  of  about  600  i)eople, 
the  ordinary  population  of  the  hospital. 

As  shown  on  a  previous  page,  some  attempt  has  been  made  to  dis- 
pose of  sewage  by  broad  irrigation  at  the  State  insane  hospitals  at 
Augusta,  Maine,  and  Concord,  New  Hampshire,  a  short  time  before  the 
sewage  farm  of  the  Worcester  Insane  Hospital  was  first  operated. 
Neither,  however,  was  entirely  successful,  and  both  have  been  aban- 
doned. We  must  therefore  give  the  credit  to  the  authorities  of  the 
Worcester  Hospital  for  instituting  the  first  permanently  successfiil 
sewage- irrigation  farm  in  the  United  States. 

The  hospital  building  is  situated  on  a  considerable  rise  of  ground, 
about  3,000  feet  west  of  the  main  irrigation  field,  which  includes  14 
acres.  There  are  also  arrangements  for  drawing  sewage  along  tbftUn.^^ 
of  the  aewer  leading  from  the  hospital  to  the  mean  ^c^di^  ^Vv^^^srss^Xs^ 
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the  irrigatiou  of  a  total  of  firom  30  to  40  acreB.    The  entiie  hoqitd 
£eurm  indndes  257  acres. 

The  work  was  mostly  oonstmcted  by  the  inmates  of  the  hospital  and 
no  statement  of  cost  can  be  made.^ 

PLANTS  PBOJEOTBD  IN  HASSACHUSBTTS. 

Information  as  t5  the  number  of  projected  sewage-pnrifioation  {danti 
in  Massachusetts  has  been  obtained  from  the  annual  reports  of  the 
State  board  of  health,  1800  to  18!i5,  inclusive,  as  follows: 

Andover. — ^This  town  submitted  plans  for  sewage  disposal  to  the 
State  board  of  health  for  approval  in  1895.    The  plans  proposed  were 
rejected  as  thoroughly  impracticable,  and  the  sewer  oommissionerB  were    J 
instructed  in  a  communication  dated  October  10, 1895,  as  to  the  proper 
lines  on  which  to  develop  sewage  puriUcation  for  that  place. 

Brainiree. — ^The  sewerage  committee  of  this  town  submitted  plant 
for  sewage  disposal  to  the  State  board  of  health  in  1893.  In  its 
answer,  under  date  of  July  6, 1893,  the  board  suggested  that  inasmnck 
as  the  towns  of  Braintree  and  Wejrmouth  were  contiguous  and  were 
near  the  sea,  the  interests  of  both  communities  might  be  served  l^ 
united  action  in  the  construction  of  an  outlet  to  tide  water. 

Oaneord. — ^The  committee  on  sewage  of  this  town  asked  the  advi< 
of  the  State  board  of  health  on  a  proposed  plan  of  sewage  disposal  i 
1894.    Under  date  of  January  3, 1895,  the  board  replied  that,  judgin 
from  the  outline  presented,  the  plan  proposed  could  be  commended 
well  adapted  to  the  needs  of  the  town,  and  that  a  system  of  iiitermi^C; 
tent  filtration  on  the  area  proposed  would  be  a  proper  method  of  dis^ 
posing  of  the  sewage  of  Concord. 

Danvers. — ^In  1895  the  board  of  health  of  this  town  applied  to  the 
State  board  for  advice  as  to  the  disposal  of  sewage  of  three  morocoo 
&ctories  in  that  place.  In  its  answer,  under  date  of  December  5, 1895, 
the  State  board  of  health  suggested,^  as  a  line  of  investigation,  that 
probably  the  sewage  should  be  first  conducted  into  large  settling  tanks, 
where  the  sludge  would  deposit,  and  from  which  the  liquid  could  be 
pumped  to  a  filter  bed  and  the  sludge  be  frequently  removed  f^m  the 
tanks,  to  be  disposed  of  presumably  either  by  burying  or  for  use  as 
manure  in  agriculture. 

Foxboro  Hospital  for  Dipsomaniacs  and  Inebriates. — Information  as  to 
an  intermittent  filtration  plant  proposed  for  this  State  institution  may 
be  found  in  the  Twenty-third  and  Twenty-fourth  Annual  Reports  of  the 
Massachusetts  State  Board  of  Health. 

Leicester. — Plans  for  sewage  disposal  for  this  town  were  submitted  to 
the  State  board  of  health  in  June,  1893.  They  included  preliminary 
sedimentation  and  filtration,  the  sludge  to  be  allowed  to  drain  out  in 
beds,  after  which  it  will  be  carted  away  for  use  in  agriculture. 

>  Refer  to  the  Forty-seveDth  Ann.  Bept.  of  the  Tnuteea  of  the  Hospital  for  the  year  ending  Sep- 
tember 80, 1870. 
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Medfield  Insane  Asylum. — Plans  for  the  disposal  of  the  sewage  of  this 
State  iastitation  by  means  of  intermittent  filtration  were  submitted  to 
the  State  board  of  health  in  1892. 

Ptto^ZiL— Chapter  357  of  the  acts  of  1890  authorizes  the  city  of 
Pittsfield  to  build  a  system  of  sewerage  and  sewage  disposal,  subject  to 
the  approval  of  the  State  board  of  health.  The  plans  were  presented 
to  the  board  for  its  approval  in  1891.  They  provide  for  the  permanent 
disposal  of  the  sewage  by  intermittent  filtration,  but  permit  a  temporary 
discharge  into  the  Housatonic  Eiver  until  June  1, 1900,  after  which  date 
the  sewage  of  the  city  must  be  treated  before  discharge,  as  provided 
in  the  plans. 

S^penoer, — ^This.town  was  advised  by  the  State  board  of  health,  under 
date  of  December  8, 1893,  as  to  proper  disposal  of  the  town  sewage  by 
land  treatment.  The  board  pointed  out  that  the  wastes  from  the  gas 
works  which  now  enter  the  sewers  of  Spencer  should  be  either  excluded 
or  so  treated  before  admission  as  to  remove  all  tarry  or  oily  substances 
which  would  tend  to  clog  the  filters. 

BridgewateTy  State  farm. — Under  date  of  December  14, 1895,  the  State 
board  of  health  advised  the  sux)erintendent  of  the  State  farm  at  Bridge- 
water  as  to  the  purification  of  the  sewage  by  land  treatment,  preferably 
by  filtration  through  porous  soil  aboat  1|  miles  from  the  building. 

Tewksbury. — The  State  board  of  health  advised  the  authorities  of 
this  town  in  regard  to  land  purification  of  the  sewage  under  date 
of  October  3,  1895. 

Wakefield. — In  1892  the  sewerage  committee  of  Wakefield  submitted 
to  the  State  board  of  health  plans  for  the  sewerage  and  sewage  disposal 
of  the  town,  the  sewage  of  the  principal  village  of  the  town  to  be 
treated  by  filtration  upon  land,  and  the  remaiuder  of  the  sewage  to 
be  discharged  into  the  main  metropolitan  sewer.  In  its  answer  to  the 
application,  under  date  of  October  7, 1892,  the  State  board  of  health 
gives  general  suggestions  as  to  the  best  method  of  preparing  the  dis- 
-poBsA  areas. 

At  several  other  places  in  Massachusetts  sewage-disposal  works  have 
been  projected  aud  are  likely  to  be  constructed  in  the  next  few  years. 
The  foregoiug  examples  are  sufficient  to  indicate  the  advanced  state  of 
sewage-purification  questions  in  the  Commonwealth  of  Massachusetts. 

RHODE  ISLAND. 

Sewage-disposal  works  have  been  either  constructed  or  projected  in 
Bhode  Island  as  follows : 

Central  Falls. — The  present  city  of  Central  Falls  was  part  of  the  old 
town  of  Lincoln,  in  Providence  County.  The  population  of  the  town 
of  Lincoln  for  1890  is  given  at  20,355.  In  1892  a  tract  of  land  of  about 
35  acres  was  purchased  for  the  disposal  of  the  sewage  of  the  western 
district  of  the  city,  at  a  cost  of  $20,000.  The  disposal  plant,  which  for 
the  present  inclndes  three  filter  beds  of  about  ou^-MtJvot  ^\i>d>i^^^  ^»fi?s^^ 
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was  constructed  iu  1896.  Additional  filter  aroae  are  to  be  cM>n8lrQctcd 
'  as  required.  Ilie  sewa^  Hows  tn  the  disposal  grounds  by  grantj'. 
The  cost  of  the  work  of  preparation  to  <Iat«.  inclading  uettliug  taDk,U 
18  about  $*J,.)00.' 

Pawtucket. — Puwtacket,  with  a  population  of  32,577,  accordiog  to 
the  State  ceiisns  of  18{l5,  is  divided  iuto  two  priDci]>al  draiua^>  dis- 
tricts, knowu  as  the  Bla4;kfitone  Hiver  district  and  tbe  Moshaiuiiick 
fiiver  district.  Tbe  sewers  of  both  the  districts  are  of  tbe  eomblued 
system,  those  of  the  first  dtstri(;t  amounting  to  27.16  miles,  and  thoseuf 
the  seiMind  district  to  7  mile^.  Tbe  fitter  plant  is  ooimected  with  tlie 
sewers  of  the  second  district,  which  includes  an  area  within  the  citv  uS 
960  acres  and  an  approximate  population  of  'J,5U0;  110  Oicres  of  Uiia 
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area  is  tbe  most  thickly  settled  portion  of  tbe  dty,  having  a  stated 
population  of  34  persons  to  the  acre.  Filter  areas  ore  located  in  the 
Bouthem  part  of  the  city  and  border  upon  the  MoBhasBaok  Biver,  as 
shown  iu  PL  IT.  This  stream  is  comparatively  small,  having  an  ordi- 
nary fiow  of  from  30  to  45  cubic  feet  per  second.  It  is  very  mach 
polluted,  both  above  and  below  tbe  filter  areas,  by  wastes  from  mana- 
foctories,  and  iu  view  of  future  complications  it  was  deemed  best  that 
the  city  should  not  be  a  party  to  this  pollution.  The  filter  areas,  as 
already  constructed,  include  a  little  less  than  4  acres,  about  2.4  acres 
being  tbe  actual  area  capable  of  receiving  sewage.  This  is  divided, 
as  shown  in  fig.  4,  into  13  beds,  4  of  which  are  designed  for  sludge  bedB, 

■Safer  to BDg.uidBUK.B(icd.,'Vi>\.X^1LV.  k^friilA. ^»^ , 
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And  are  laid  oat  slightly  lower  than  the  other  beds  in  order  to  receive 
the  sludge  from  the  bottom  of  the  tanks. 

Covered  sewage  tanks  have  been  provided,  into  which  the  sewage  is 
first  received,  and  ftx>m  which  it  is  discharged  upon  the  beds  as  desired. 
The  sewage  flows  to  these  tanks  from  the  city  by  gravity.  Arrange- 
ments have  also  been  made  by  which  the  flow  of  sewage  can  be  shat 
off  from  the  tanks  automatically  and  turned  into  the  storm  overflow 
whenever  the  amount  delivered  is  so  increased  by  a  storm  as  to  tax  the 
capacity  of  the  tanks  above  the  average  or  above  any  amount  to  which 
the  apparatus  has  been  ac(justed.  After  the  cessation  of  the  storm  and 
the  consequent  return  of  the  sewage  to  the  average  rates,  the  gates  to 
the  settling  tank  open  automatically,  allowing  the  sewage  to  again  flow 
into  them.  In  ordinary  use  sewage  is  received  into  the  tanks  for  about 
twenty-four  hours  and  then  turned  upon  the  beds  under  irrigation  at 
the  rate  of  100,000  gallons  per  acre. 

Work  was  begun  on  the  disposal  areas  in  1893.  Generally  speaking, 
the  work  at  Pawtucket  has  been  well  carried  out  and  the  operation  of 
the  plant  is  successful.^ 

Cranatanj  State  institutions. — ^The  State  institutions  at  Cranston, 
Bhode  Island,  include  a  house  of  correction.  State  almshouse,  State  hos- 
pital for  the  insane.  State  prison,  the  Sockanosset  School  for  Boys,  and 
the  Oak  Lawn  School  for  Girls.  They  are  situated  in  the  midst  of  a 
tract  of  about  500  acres  of  land  owned  by  the  State.  Sewage  disposal 
by  land  treatment  was  first  proposed  at  Cranston  in  1884,  and  carried 
out  in  1895,  since  which  time  it  has  been  successfully  operated. 

The  filtration  is  said  to  work  well  in  winter,  the  sewage  reaching  the 
field  ordinarily  at  temperatures  of  about  40^,  42o,  or  43^  F.* 

Providence. — Sewage  disposal  on  a  large  scale  has  also  been  projected 
for  the  city  of  Providence,  which  had  a  population  in  1890  of  132,146. 
As  the  matter  now  stands,  it  is  proposed  to  partially  purify  the  sewage 
by  chemical  precipitation  and  discharge  it  into  tide  water  at  Fields 
Point.  Main  intercepting  sewers  have  been  under  construction  for  the 
last  few  years  with  this  end  in  view.^ 

Woonsocket. — Sewage-disposal  works  have  also  been  projected  ibr 
Woonsocket. 

CONNECTICUT. 

Bristol. — A  recent  example  of  a  combination  broad-irrigation  and 
intermittent-filtration  plant  is  at  Bristol,  Conn.  The  population  of  this 
town  in  1890  was  7,382.  In  1892  a  number  of  suits  were  brought  to 
restrain  the  discharge  of  crude  sewage  into  a  stream  iiowing  through 

>  Refer  to  Eng.  News,  Vol.  XXXV,  January  2, 1896,  where  a  very  complete  accouDt  by  Georgp  A. 
Carpenter,  city  engineer  of  Pawtucket,  designing  and  constracting  engineer  of  tlieae  works,  may 
be  fonnd. 

*Befer  to  Serenteentli  Ann.  Kept.  IM.  Cbaritios  and  Correctionn  of  K.  I.,  1895;  also  Eug.and  Bldg. 
Becord,  VoL  XIII,  Marcli  4, 1896. 

'The  Providence  sewage-disposal  data  are  rery  extensive ;  for  a  digest  of  tbe  same  refer  to  Sewage 
DUposal  in  the  United  SUtes. 
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the  town.    The  suits  have  been  held  in  abeyance  i>endin|ir  the  oonstroe- 
tion  of  sewage-purification  works. 

Plans  for  a  sewerage  and  sewage-di8i)osal  system  were  prepared  h 
1892,  but  the  actual  work  of  constmction  was  delayed  abont  three 
years  awaiting  necessary  legislation.  Acting  under  the  advice  of  Mr. 
McKenzie,  the  town's  engineer,  80  acres  of  land  were  purchased  at  $35 
per  acre  for  the  purpose  of  constructing  filter  beds  and  also  for  utilis- 
ing sewage  by  broad  irrigation.  The  necessary  sewers  and  a  iwrtioD 
of  the  disposal  area  were  constructed  in  the  year  1895. 

The  filter  areas  as  thus  for  prepared  include  about  6  acres.  The 
material  is  coarse  sand  and  gravel.  Sewage  is  distributed  to  th^n  bj 
means  of  15-inch  and  12-inch  carriers.  The  underdrains,  so  far  as  hiidf 
are  8  inches  and  6  inches  in  diameter  and  25  feet  apart.  It  is  not 
intended  to  underdrain  the  irrigation  area.  The  cost  of  preparing  6 
acres  of  filter  beds,  with  the  necessary  appurtenances,  wi^  about  $9,000. 
No  definite  statements  can  yet  be  made  as  to  the  results  of  purification 
or  irrigation  at  this  place. 

Danhury. — Population  in  1890, 16,552.  A  few  years  ago  the  Wolf  dis- 
infecting process,  which  consists  in  dosing  the  sewage  with  sodium  hypo- 
chlorite formed  by  a  partial  electrical  decomposition  of  a  solution  of  sate 
and  water,  was  applied.  The  process,  as  applied  at  Danbory,  proved 
inefficient,  and  suits  were  brought  enjoining  the  city  from  discharging 
its  sewage  into  Still  Biver.  The  court  recommended  intermittent  filtrs- 
tion,  adjudged  costs  against  the  city,  and  required  discontinuance  d 
the  discharge  after  May  1, 1897.  Under  these  circumstances  the  town 
purchased  an  extensive  tract  of  land,  a  portion  of  which  is  stated  to 
have  been  prepared  for  use  in  intermittent  filtration.^ 

Lake  Wauremaug. — This  lake,  which  is  surrounded  by  a  number  of 
hotels  and  cottages,  has  abrupt,  rough,  and  rugged  shores,  which  ren 
der  an  economical,  safe  disposal  of  sewage  somewhat  difficult.  Areas 
for  land  treatment  are  entirely  lacking.  Under  these  circumstances  a 
committee  of  the  State  board  of  health  in  1894  recommended  the  treat- 
ment of  all  human  faeces  and  urine  by  a  dry-earth  system,  and  the 
treatment  of  laundry  and  sink  wastes  by  filtration  In  trenches  on  slop- 
ing ground,  somewhat  after  the  method  successfully  used  at  Wayne, 
Pennsylvania.  It  is  understood  that  these  recommendations  have 
since  been  carried  out. 

Litchfield. — Population  in  1800,  3,304.  The  first  sewage-irrigation 
field  in  Connecticut  was  inau<[^iirated  at  this  place  in  1890.  Area  of 
same,  4  acres.  No  details  as  to  method  of  operation  or  success  attained 
are  at  hand.^ 

Manchester. — Population  in  1890,  8,222.  It  is  stated  that  a  sewage- 
disposal  plant  by  land  purification  has  recently  been  constructed.  No 
information  as  to  details  is  at  hand. 


» Refer  to  Eng.  News.  Vol.  XXXIY.  Anmist  20. 1895. 

»  Kefer  to  Fourteentli  Ann.  K©v^-  Conn.  >st.  'ft^.  ^*a.\\.U,  lOJl. 
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i 
■^     Meriden. — ^The  sewage-disposal  works  at  Meriden  famish  an  example 

of  oombined  irrigation  and  intermittent  filtration.    The  population  of 

m  Meriden  was  21,652  in  1890.    Waterworks  were  built  in  1869. 

^     The  gradnal  extension  of  sewers  having  led  to  a  considerable  polln- 

"^  tfam  of  Harbor  Brook,  a  small  stream  flowing  tlirough  the  central  and 

B  tower  part  of  the  town,  the  question  of  sewage  purification  gradually 

f  became  a  leading  one  until  a  special  committee  was  appointed,  in 

-  1891,  to  investigate  and  report  on  the  general  question.    This  com- 

iDittee  submitted  reports  of  engineers  recommending  broad  irrigation, 

s  supplemented  by  intermittent  filtration,  on  a  tract  of  land  of  about 

IfiO    acres,  which   was   subsequently    purchased    for    this   purpose. 

According  to  statements  in  Engineering  News,  the  disposal  area  as 

ori^nally  planned  included  some  «S2  acres  for  broad  irrigation  and  14 

filter  beds,  8  of  which  are  150  feet  by  350  feet  and  the  balance  one-half 

tiiat  size.    That  portion  of  the  disposal  area  which  has  been  laid  out  in 

lieds  is  stated  to  consist  of  fine  soil  3  feet  deep,  below  which  is  a  layer 

of  sand  and  gravel  of  unknown  depth,  admirably  suited  for  filtration. 

•  nnie^ne,  deep  soil  contains  a  layer  of  rather  poor,  brownish-black 

material  about  8  inches  thick,  below  which  is  red  loam  sand,  finely 

^vided  and  nearly  without  grit.    The  sand  and  gravel  farther  down 

are  very  coarse,  most  of  the  sand  being  coarser  than  ordinary  building 

sand. 

In  constructing  the  filter  areas  only  about  12  inches  of  the  top  soil 
was  removed,  leaving  about  2  feet  of  the  fine  material  above  the 
coarser  subsoil.  The  filter  beds  have  been  underdrained  with  6  inch 
tile  placed  2^  feet  below  the  surface  at  their  upper  end  and  5  feet  below 
at  their  lower  ends.  Inspecting  chambers  are  placed  at  the  junction 
of  each  under  drain  witli  the  main  drain.  The  main  drain  discharges 
into  water  carriers  leading  to  a  neighboring  river. 

Sewage  was  first  discharged  upon  the  original  filter  areas  in  Septem- 
ber, 1893.  It  was  then  reported  that  very  little  effluent  appeared  in 
the  onderdrains,  and  that  the  discharge  from  them  grew  less  and  less 
until  finally  practically  none  appeared.  The  clear  inference  is  that  the 
effluent  passed  on  down  below  the  drain  pipes  and  sank  into  the  coarse 
material  below. 

Oonsiderable  trouble  has  ensued  at  Meriden,  chiefly  by  reason, 
apparently,  of  neglect  of  the  fundamental  principles  of  sewage  purifi- 
cation and  utilization,  not  only  as  worked  out  iu  detail  by  the  experi- 
ments of  the  Massachusetts  State  board  of  health,  but  as  practiced 
successfolly  for  many  years  abroad.  The  beds  have  not  only  been 
overdosed,  but  in  their  original  preparation  the  exceedingly  fine  mate- 
rial above  the  subsoil  was  partially  left  instead  of  being  fully  removed, 
with  the  result  that  the  filtration  was  not  only  very  slow,  but  the  filtering 
material  was  soon  clogged.  In  1895  all  the  beds  were  stripped  »f  top 
soil  and  fine  sand.  Since  that  time  the  results  have  been  much  better. 
So  far  as  can  be  learned,  no  special  attempt  has  y^t  bo^n  YCkaA^  tft 
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grow  crops  upon  the  filter  area,  althoagh  the  land  utilized  was  selectod 
by  the  deeigDing  engineer,  Mr.  Bassett,  with  special  reference  to  such 
use.  Possibly  fntnre  reports  from  Meriden  may  indicate  more  satis- 
factory  results.  An  attempt  at  sewage  farming  on  a  large  scale  at  this 
disposal  area  woald  be  watched  with  great  interest  by  everybody. 
Markets  for  all  kinds  of  prodace  are  near  at  hand,  and  there  seems 
to  be  no  reason  why,  with  proper  management,  a  sewage  farm  hero 
might  not  be  very  snccessfuL* 

Waterbury. — ^This  town  had  a  population  in  1890  of  28,646.  As  we 
have  seen  on  a  previous  page,  the  pollution  of  Naugatuok  Biver  by 
manufacturing  wastes  is  very  serious.  It  is  understood  that  plans  are 
now  under  way  looking  toward  the  purification  of  the  sewage  of  Water- 
bury  by  land  treatment. 

NEW  YORK. 

Bretcsters. — The  so-called  system  of  electrical  treatment  as  used  at . 
Danbury,  Oonnecticut,  was  also  applied  by  the  New  York  City  depart- 
ment of  public  works  for  treating  both  sewage  and  water  at  Brew- 
sters  iu  the  summer  of  1893.    So  far  as  can  be  learned,  the  process 
has  not  been  any  more  successful  at  Brewsters  than  at  Danbory.    In  a 
paper  read  by  Dr.  Thomas  M.  Drown  before  the  New  England  Water 
Works  Association  on  March  14, 1894,  it  is  shown  that  the  so-caUed 
electrical  purification  is  simply  a  process  of  disinfection  by  sodium 
chloride,  in  which  electricity  has  nothing  further  to  do  with  the  process 
than  that  sodium  hypochlorite  is  produced  from  salts  naturally  present 
in  the  sewage  by  electrolysis.    It  is  probable  that  the  cost  of  any 
treatment  which  includes  the  preparation  of  sodium  hypochlorite  by 
electrolysis  is  more  expensive  than  it  would  be  to  buy  this  salt  in  the 
market  aud  apply  it  by  the  ordinary  methods  of  mixing  nsed  in  chem- 
ical purification. 

Brooklyn,  Twenty-sixth  icard, — Chemical-purification  works  have  been 
recently  constructed  in  the  Twenty  sixth  ward  of  the  city  of  Brooklyn, 
in  general  accordance  with  the  patented  process  of  J.  J.  Powers.  This 
process  has  also  been  carried  out  at  Coney  Island,  Echota,  Round 
Lake,  White  Plains,  Sheepshead  Bay,  and  other  places  in  the  State  of 
New  York.  As  originally  operated,  perchloride  of  iron  was  the  only 
precipitant  used,  but  iu  the  more  recent  plans  lime  is  also  added  and 
the  sludge  is  further  dosed  with  chlorine  gas.  Perchloride  of  iroo 
costs  about  3.5  cents  a  pound  in  New  York.  Cfilorine  is  prepared  from 
common  salt,  black  oxide  of  manganese,  aud  sulphuric  acid.  As  totbe 
cost  of  operating  this  system,  the  following  approximate  estimate  of 
the  daily  expense  at  White  Plains  may  bo  given  : 

'The  works  at  Meriden  were  reported  upon  by  Meflsrs.  T.  II.  ^fcKenaie,  Simpson  C.  Healtl.  in^ 
Carroll  P.  Bassett.  As  to  the  views  of  each  of  those  cngiiieors,  etc.,  see  Eng.  News,  Vol.  XXXTV, 
July  18,  1895,  where  an  extended  account  of  the  works  way  bo  found. 
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MtHmMte  of  ia/Ug  expmue  at  ehemical-pHrifioatUm  works  at  White  Plains,  Now  York, 

1  earboy  of  perohloride  of  iron $4.76 

1  barrel  of  lime 75 

€aal  90 

£ii^eer 2.26 

Laborer  and  watchman,  eaoh,  $1. 50 3. 00 

Common  salt,  black  oxide  of  manganese  and  sulphuric  acid 50 

Oil  and  waste 30 

Miscellaneous 50 


Total 12.95 

At  the  time  this  estiifiate  was  made,  the  average  daily  quantity  of 
sewage  treated  was  about  250,000  gallons.  Assuming  an  average  cost 
for  treating  this  quantity  of  $12  instead  of  $12.95,  we  reach  the  figure 
of  $48  per  million  gallons  treated,  which  figure  may,  however,  be 
exi)ected  to  decrease  somewhat  with  larger  quantities  of  sewage  treated* 
The  figures  show,  however,  that  this  is  an  exceedingly  expensive  proc- 
ess under  any  circumstances,  as  will  be  more  readily  realized  when  it 
is  stated  that  the  land  processes,  aside  from  yielding  returns  from  the 
crops,  do  not  ordinarily  cost  more  than  a  few  dollars  per  million  gallons 
treated. 

Chautauqua  Assembly, — Chemical-precipitation  works  were  con- 
structed at  the  Chautauqua  Assembly  in  1893.  This  place  has  a  sum- 
mer i)opulation  at  times  of  several  thousand.  Measurements  of  the 
flow  of  sewage  July  24, 1893,  showed  a  total  of  122,884  gallons  in  twenty- 
four  hours. 

According  to  an  advertisement  issued  by  the  committee  in  charge  of 
the  Assembly  grounds  in  October,  1892,  the  plans  were  required  to 
embody  a  complete  plant  capable  of  sending  out  a  clear  and  odorless 
efiSuent  harmless  to  fish  life,  the  object  of  the  works  being  chiefly  the 
maintenance  of  the  cleanliness  of  the  Chautauqua  Lake  beach  in  front 
of  the  Assembly  grounds.  The  plans  adopted  were  those  of  W.  B. 
Landreth,  and  include  the  use  of  lime  and  sulphate  of  alumina  as  pre- 
dpitants.  The  following  analysis,  made  by  Prof.  Maurice  Perkins,  of 
Union  College,  in  September,  1893,  indicates  the  degree  of  purification 
obtained  at  this  plant. 

Analffses  of  water  from  ohemical-precipiiation  works  at  Chautauqua  Assembly.^ 

[Parts  per  100,000.] 


Total  solid  residue . . . 

Mineral  matter 

Loss  on  ignition 

Chlorine 

Free  ammonia 

Albuminoid  ammonia 


Sewage. 

EflSaent. 

Per  cent 
remoyed. 

117.0 

23.6 

79.8 

59.2 

14.4 

75.7 

57.8 

9.2 

84.1 

6.0 

6.0 

0.0 

24.28 

1.357 

44.1 

2.088 

.486 

76.9 

>  ICr.  Landreth  has  recently  stated  to  the  author  that  the  results  of  this  analyaia  ha^e  \mau  f^^ 
-reriBed  by  repeated  ajudysee  made  each  season  since  1893. 
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{JhwatmnqoM  AmmMj  wtmmgb4iapanH  idftnt  maj  be  ngaided  i 

In  1803,  from  Julj  1  to  Oetotier  1  (ninety-two  dajya),  fhe  oottefUv 
wm:  Baperintendent  nnd  engineer,  $256;  hdpery  #131;  total,  |SH^« 
'  efe  tbe  rete  of  aboat  $4.20  m  dey.  The  amoant  of  chemicelB  naed  fn 
dkm  it  staled  to  STerage  about  as  IbUows:  Lime,  I  barrel;  ataiin 
solphatoy  30  to  40  pounds;  copperas,  2  to  5  poonds.  Fad  is  estinitai 
to  cost  about  30  oento  a  day.  Taking  labor  at  $4.20,  fiiel  atSOcMlv 
and  ohemioals  at  $L75,  we  reach  a  total  of  $6S6  a  day.  AssanioKa 
average  attendance  of  4,000  people  daring  the  season,  the  dsiljMt 
per  capita  is  foand  to  be  0.156  cent,  or  at  the  rata  of  67  centa  per  «|ii 
per  year.  Ohemicals  on  the  foregoing  basis  cost  aboat  l&l  cenU  jm 
capita  per  annum.  Taking  the  actual  flow  of  sewage  as  awagtaf 
about  126,000  gallons  a  day,  we  reach  a  cost  per  million  gallons  kwftBl 
of  $8.88  for  lime,  $7.76  for  alum,  and  $1.28  for  copperas,  or  a  told  rf 
$17.92  per  million  gallons  treated,  which  again  indicates  somsvlBk 
greater  expense  for  chemical  treatment  than  woold  be  required  tr 
treating  the  same  amoant  of  sewage  on  land.  Inasmaoh,  however,  m 
the  results  were  largely  experimental  in  1803,  it  is  possible  that  btv 
figures  would  show  a  marked  reduction  in  cost.  Ohemical  treataMl 
will,  however,  even  under  the  most  fisvorable  circumstances,  cost  mon 
than  land  treatment,  other  conditions  being,  of  course,  assnmfid  m 

e(|ual.' 

J>Vir  Rori-oiMiy.— Population  in  1890, 2,28&  Plans  fbr  sewerage  and 
stowage  dia|H>8al  were  approved  by  the  New  York  State  board  of  hesltti 
In  1MK%;  thoy  include  the  collection  of  the  sewage  of  the  village  at  oen- 
Irnl  |H^iiit««  tVom  which  it  is  to  be  pumped,  by  means  of  an  electric  motur 
Miu)  motor  pumiwk  to  a  disposal  field,  where  it  will  be  purified  by  laad 
livntmont^    It  is  uuderstootl  that  the  work  is  at  present  under  ood- 

utiuolunu 

,>V»r  ^^^^^W;t^.— l\HMilation  in  1890,  8,217;  at  present  it  is  perhapB 
tt^^HHK  A  oh<>iuic8il  punfication  plant,  designed  to  treat  eventually 
f  ,MMHH)  lS«llon3(  of  sewa^  a  day«  was  carried  out  in  1894  at  an  esti- 
m^hHl  o^^t  o(  About  $l^tMK  In  addition  to  this  sum,  2  acres  of  land 
l^m'has^l.  rijrht  of  w^v*  lo^  exi^nses,  etc,  were  estimated  to  cost 
a^M^I  ♦4.':»V  or  a  total  of  *Umt  #23^380.  Statements  are  lacking  u 
h\  ^villH'T  tho  efficiency  of  ihi^  {m>ce6»  or  ju$t  the  method  of  treatment 

M/MiJvsv^  /%«4v.— The  donwHsnc  water  supply  of  the  city  of  Rochester 
Iw  oUtau^tHl  tVx^Dii  HcniKvk  l-dikc*  ;ftUHit  A^  miles  southerly  from  and  at 
^W  \>\^\^\\\>\\  of  .'^S^i^  tVvl  ;*lvw  tbe  o:;y.  The  works  for  briDging  this 
ih^l>|\l^x  U\  K^s<^he»ier  w^^ni'  \\\n$tr\^;i^i  in  1S74  and  1875.  about  whicli 
Mw^  **w^  *f h'^fh^  *^f  ifc^  cit;5iN»  of  Rsvbesxer  as  well  as  those  of  the 
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suiToaDding  cities  and  towns  was^ttracted  to  the  lake  as  a  desirable 
point  for  summer  residence.  In  1892  there  were  in  use  about  120  cot- 
tages and  several  hotels  and  summer  boarding  bouses,  and  the  summer 
population  about  the  margin  of  the  lake,  including  transient  visitors, 
was  from  800  to  1,000  persons. 

In  order  to  care  for  the  sewage  and  house  wastes  the  city  of  Boches- 
ter  constructed  in  188(>  a  pail  system  by  which  the  night  soil  and  gar- 
bage from  the  cottages  and  hotels  are  collected  and  removed  to  the  foot 
of  the  lake,  where  the  material  is  deposited  in  narrow  trenches  in  thin 
layers,  and,  after  treating  with  lime,  each  layer  is  covered  with  about 
6  inches  of  dry  earth.  This  process  is  repeated  daily  until  the  trench 
is  nearly  tilled,  when  the  remainder  is  rounded  up  with  earth  and  a  new 
trench  is  started^  The  surface  of  the  full  trench  is  then  cultivated 
and  cropped,  and  after  a  suitable  period  the  same  land  is  again  used. 
The  trenches  were  originally  made  about  3  feet  deep,  but  experience 
indicates  much  more  rapid  destruction  of  the  organic  matter  near  the 
surfoce  than  at  the  lower  levels.  It  has  been  found  that  after  a 
period  of  three  years  the  same  trench  can  be  used  again.  The  plant 
includes  a  building  with  convenient  arrangements  for  washing  the  pails 
during  the  summer  and  for  storing  them  in  winter,  as  well  as  a  flat- 
bottomed  scow  for  transporting  the  sewage  receptacles  on  the  lake,  and 
a  tramway  and  pier,  with  a  total  length  of  2,200  feet,  by  which  they  are 
transported  from  the  lake  to  the  place  of  treatment.  The  approximate 
cost  of  the  plant  to  April  6,  1891,  including  surveys,  building,  scow, 
wagon  road,  tramway,  carts,  pails,  and  land,  was  about  $10,000.  The 
yearly  cost  of  operation  is  from  $1,500  to  $1,700.  In  winter  only  a  few 
of  the  dwellings  are  in  use  and  the  collections  are  made  weekly  by 
wagon.^ 

Bath^  Soldier^  and  Sailors^  Rome. — Mr.  Power's  patented  process, 
described  on  page  (>2,  is  in  use  at  this  place,  where  the  permanent  popula- 
tion may  be  taken  at  from  1,200  to  1,500.  Chemicals  are  stated  to  cost 
fully  $2,000  a  year.  Including  fuel,  labor,  and  other  expenses,  the 
sewage  purification  costs  about  $3  per  capita  per  annum.  A  good 
opportunity  exists  at  this  State  institution  to  elevate  the  sewage  by 
pumping  onto  porous  lands  owned  by  the  State  just  back  of  the  home, 
where  it  could  be  efficiently  utilized  in  irrigation. 

Batuvia^  State  Institution  for  the  Blind. — The  average  quantity  of 
sewage  of  this  institution  is  estimated  at  about  10,000  gallons  a  day, 
this  quantity  being  based  upon  an  average  daily  consumption  of  water 
of  50  gallons  per  capita  for  the  200  officers  and  inmates.  Chemical- 
treatment  works  costing  about  $6,500  and 'an  outlet  sewer  costing 
$6,000,  or  a  total  of  $12,500,  were  constructed  in  1890-91.  No  state- 
ments as  to  the  efficiency  of  the  process  are  at  hand. 

Vassar  College. — Vassar  College  is  situated  near  the  town  of  Pough- 


» Refer  to  Ann.  Repts.  Ex.  Bd.  City  of  Rochester,  and  Sewage  Disposal  in  the  United  States.  The 
city  of  Rochester  is  now  (1899)  purchasing  a  strip  of  land  abont  Hemlock  Lake,  inolading  all  the  cot- 
tajzes,  aDd  this  collection  system  will  accordingly  soon  be  discontinued. 
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keepsie,  a  short  distance  back  of  the  city,  upon  a  small  stream^  whkh 
reaches  the  Hadson  Biver  by  a  ronndabont  coarse  of  something  like  I 
miles.  For  a  number  of  years  preyioos  to  1895  the  college  sewage 
flowed  to  a  series  of  covered  tanks,  where  it  nnderwent  a  rapid  flltn- 
tion  through  x>eaty  gravel,  and  other  substances.  The  effluent  ttom 
this  process,  while  considerably  clarified,  was  still  objected  to  as  unfit 
to  pass  into  a  small  outlet  creek,  the  township  health  officer  aUegiog 
that  its  discharge  was  injurious  to  riparian  owners  below. 

After  considerable  discussion,  in  which  various  projects  were  sug- 
gested, a  plan  for  disposal  by  intermittent  filtration  and  broad  irrigi- 
tion  was  prepared  and  carried  out  by  Messrs.  I^oyes  and  Hasen  in  the 
fall  of  1895.  Under  this  plan  the  sewage  first  passed  into  a  screening 
chamber  provided  with  a  screen  rack  formed  of  iron  bars  1  by  2 
inches  in  diameter,  placed  seven-eighths  of  an  inch  apart.  The  sewage 
enters  the  screening  chamber  parallel  to  the  screen  rack  and  not 
against  it.  The  matter  collected  at  the  screen  is  taken  out  each  day, 
and  after  draining  on  a  platform  is  removed  to  the  boiler  house  and 
burned.  From  the  screening  chamber  the  sewage  flows  to  a  reser- 
voir of  44,000  gallons  capacity,  from  which  it  was  pumped  to  the  dis- 
posal area,  which  consists  of  two  filter  beds  with  a  total  area  of  1.03 
acres  exclusive  of  the  embankment.  The  filtering  material  is  a  rather 
coarse  sand  with  an  effective  size  of  grain  of  from  0.30  to  0.40 
millimeter. 

The  level  of  the  ground  water  was  found  to  be  about  15  feet  below 
the  prepared  surface  of  the  filter  areas,  and  as  there  was  a  gully  near 
by  which  afforded  a  free  outlet  tor  the  ground  water,  underdraining 
was  deemed  unnecessary. 

The  filter  beds  provided  are  regarded  as  sufficient  to  receive  the 
entire  sewage  of  the  college,  but  as  there  was  a  considerable  area  of 
sandy  soil  near  by  at  a  somewhat  greater  elevation,  the  force  main  was 
extended  to  a  i)oint  commanding  this  area,  so  that  during  the  growing 
season  several  acres  of  land  can  be  utilized  for  broad  irrigation.  In 
this  way  the  fundamental  principle  of  effective  sewage  utilization  has 
been  recognized  in  these  works,  the  sewage  going  to  the  land  when 
necessary  for  the  best  results  of  agriculture  and  to  the  filter  areas 
when  not  needed  on  crops,  thus  insuring  an  efficient  filtration  at  all 
times  without  reference  to  cropping. 

Complete  records  as  to  the  quantity  of  sewage  do  not  appear  to 
have  been  kept,  although  during  the  months  of  February  and  March, 
1896,  the  average  daily  quantity  is  stated  as  56,000  gallons,  the  range 
being  fipom  32,000  to  113,000  ^lons.  The 'sewers  receive  roof  water 
and  the  higher  quantities  are  stated  as  due  to  accessions  firom  this 
source. 

The  total  cost  of  the  works  as  constructed,  including  the  preliminary 
expense  involved  in  considering  the  various  projects  proposed  before 
the  final  adoption  of  the  sewage-utilization  project,  is  st>ated  at  $7,500, 
exclusive  of  the  land. 
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Ohemical  examinations  have  been  made  of  the  water  taken  from 
^he  brook  receiving  the  efflnent,  above  the  point  where  the  effluent 
mters  as  well  as  below,  with  the  result  of  showing  that  the  stream 
)elow  the  effluent  now  carries  no  trace  of  sewage  contamination.  A 
^eat  improvement  in  the  condition  of  the  stream  is  also  shown  by 
iDalyses  made  before  and  since  the  beginning  of  the  filtration  by  Mrs. 
Bllen  H.  Bichards,  one  of  the  trustees  at  Yassar  College,  and  analyst 
)f  the  Massachusetts  State  board  of  health.  The  examinations  are 
X)  be  continued  for  considerable  length  of  time  in  order  to  gain  infer- 
nation  as  to  the  final  effect  on  the  effluent  and  as  to  other  questions  of 
nterest  to  those  planning  similar  works.  The  enterprise  of  Yassar 
College  in  carrying  out  so  thorough  a  system  and  also  in  causing  sys- 
:ematic  examinations  to  be  made  for  the  puri>ose  of  acquiring  informa- 
ion  for  future  guidance  is  highly  commendable  J 

PLANTS  PROJECTED  IN  NEW  YORK. 

AUnon. — Population  in  1890,  4,586.  Plans  for  sewage  disposal  by 
utermittent  filtration  were  approved  by  the  State  board  of  health  in 
L890.  The  sewage  will  be  delivered  at  the  filtration  fields  by  gravity, 
iud  the  topographical  conditions  are  such  as  to  admit  of  utilization  in 
agriculture  by  broad  irrigation  on  porous,  sandy  lands. 

CobleskilL — Population  in  1890, 1,822.  Plans  for  sewage  disposal  by 
L'hemical  purification  were  approved  by  the  State  board  of  health  in 
1893.  No  information  is  at  hand  as  to  whether  or  not  land- purification 
processes  have  been  considered. 

Cortland. — Population  in  1890,  8,690.  Plans  for  purification  of  the 
jewage  of  the  town  by  chemical  treatment  were  approved  by  the  State 
3oard  of  health  in  October,  1893.  The  plans  also  include  possible  filtra- 
tion through  land,  should  a  high  degree  of  purity  be  found  necessary. 
[t  is  proposed  to  use  lime  and  sulphate  of  alumina  as  precipitants.  The 
plans,  as  approved,  include  a  tank  area  for  from  9,000  to  10,000  people, 
^th  arrangements  whereby  the  capacity  can  be  increased  as  required. 
The  report  of  the  engineer  does  not  state  whether  or  not  the  locality 
would  admit  of  land-purification  processes. 

Flatbush. — Under  the  health  laws  of  the  State  of  New  York,  the  gov- 
ernor may,  on  presentation  of  evidence  as  to  the  existence  of  a  nuisance, 
order  the  same  to  be  abated  under  plans  subject  to  the  approval  of  the 
State  board  of  health.  In  1894  Governor  Flower  issued  such  an  order 
with  reference  to  the  sewage  of  the  village  of  Flatbush,  on  Long  Island, 
whi(;h  then  grossly  polluted  Mill  Greek.  No  information  is  at  hand  as 
to  the  action  finally  taken  under  this  order. 

Fort  Plain. — Population  in  1890,  2,864.  This  town  is  situated  in  the 
narrow  portion  of  the  Mohawk  Valley  at  a  place  where  little  opportu- 
nity for  land  purification  exists,  except  that  the  town  incurs  the  expense 
3f  pumping.  The  cities  of  Borne,  Little  Falls,  and  Utica,  on  the  Mohawk 
River  above  Fort  Plain,  discharge  sewage  into  the  river  without  treat- 


*Por  an  accoant  of  thv  Vaasar  College  works,  see  the  l^g^eeimg^EACOvlol^'QSA'CV^'^SS)^ 
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keepsie,  a  short  distant^e  back  of  the  city,  upon  a  Kmsll  stream,  i 
reaches  the  UuUstm  River  by  a  roundabout  course  of  Bomething  liker 
miles.  For  a  uumber  of  years  previuas  to  1S95  the  college  sewage 
flowed  to  a  series  of  covered  tanks,  where  it  underwent  a  rapid  flllr.i- 
tiou  through  peat,  giavel,  and  other  substances.  The  eftluent  froiu 
thit)  process,  while  considerably  clarilied,  was  still  objeut«d  to  an  ddGi 
to  pass  into  a  small  outlet  creek,  the  township  health  oiticer  alieging 
that  its  discharge  wah  injurious  to  riparian  owners  below. 

After  considerable  discussion,  in  which  various  projects  were  s 
gested,  a  plan  for  disposal  by  intermittent  filtration  ai)d  broad  irriga^ 
tion  was  prepared  and  carried  ont  by  Messrs.  Noyes  and  Bazcn  in  tlie 
fall  of  181)5.  Under  this  plan  the  sewage  lirst  passed  into  a  Bcreeaine 
chamber  provided  with  a  screen  rai^k  formed  of  iron  bars  i  by  1! 
inches  in  diameter,  placed  seven -eighths  of  an  inch  apart.  The  sewage 
enters  the  screening  chamber  parallel  to  the  screen  rack  and  not 
against  it.  The  mutter  collected  at  the  screen  is  taken  out  each  day, 
and  after  draining  on  a  }>latform  is  removed  to  the  boiler  house  and 
bnrned.  From  the  screening  chamber  the  sewage  flows  to  a  reaer-  1 
voir  of  44,000  gallons  capacity,  from  which  it  was  pumped  to  the  dis- 
posal area,  which  consists  of  two  filter  beds  with  a  total  area  of  1-03 
acres  exclusive  of  the  embankmeut.  The  littering  material  is  a  ratber 
coarse  sand  with  an  elective  size  of  grain  of  from  0^0  to  11.40 
millimeter. 

The  level  of  the  ground  water  was  found  to  be  about  15  feet  belotr 
the  prepared  surface  of  the  filter  areas,  aud  as  there  was  a  gnlly  near 
by  which  ullbrded  a  free  outlet  lor  the  ground  water,  uuderdraiiiin;; 
WJia  deemed  unnecessary. 

The  filter  beds  provided  are  regardi'd  as  suflicient  to  receive  tbe 
enCii^  ctewag«  of  the  college,  but  as  there  was  a  considerable  area  of 
sandy  soil  near  by  at  a  somewhat  greater  elevation,  the  force  main  was 
extended  to  a  point  commauding  this  area,  so  that  during  the  growing 
seaeoQ  several  acres  of  laud  can  be  utilized  for  broad  irrigation.  In 
this  way  the  fiindamental  principle  of  effective  sewage  utilization  has 
been  recognized  iu  these  works,  tbe  sewage  goiug  to  the  laud  whea 
necessary  for  the  beat  results  of  agriculture  and  to  the  filter  areas 
wlien  not  needed  on  crops,  thus  insuring  an  efficient  filtration  at  all 
times  without  reference  to  cropping. 

Complete  records  as  to  the  quantity  of  sewage  do  not  appear  to 
have  been  kept,  although  during  the  months  of  February  and  March, 
1896,  the  average  daily  quantity  is  stated  as  36,000  gallons,  the  range 
being  from  32,000  to  113,000  gallons.  The 'sewers  receive  roof  water 
and  the  higher  quantities  are  stated  as  due  to  accessions  from  this 
source. 

Tbe  total  cost  of  the  works  aa  constrnct«d,  including  tbe  preUminary 
expense  involved  iu  considering  the  various  projects  proposed  before 
tbe  finaJ  adoption  of  the  sewage-utilization  vraject,  is  stated  at  $7,500, 
y^Iuaive  of  the  land. 
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lemical  examinatioDS  have  been  made  of  the  water  taken  froiu 
brook  receiving  the  efflnent,  above  the  point  where  the  eiflnent 
rs  as  well  as  below,  with  the  resalt  of  showing  that  the  stream 
w  the  effluent  now  carries  no  trace  of  sewage  contamination.  A 
t  improvement  in  the  condition  of  the  stream  is  also  shown  by 
yses  made  before  and  since  the  beginning  of  the  filtration  by  Mrs. 
u  n.  Bichards,  one  of  the  trastees  at  Yassar  College,  and  analyst 
he  Massachusetts  State  board  of  health.  The  examinations  are 
3  continued  for  considerable  length  of  time  in  order  to  gain  infor- 
on  as  to  the  final  effect  on  the  effluent  and  iis  to  other  questions  of 
i-est  to  those  planning  similar  works.  The  enterprise  of  Yassar 
ege  in  carrying  out  so  thorough  a  system  and  also  in  causing  sys- 
itic  examinations  to  be  made  for  the  purpose  of  acquiring  informa- 
for  future  guidance  is  highly  commendable.^ 

PLANTS  PROJECTED  IN  NEW  YORK. 

Ihion, — Population  in  1890,  4,586.  Plans  for  sewage  disposal  by 
rmittent  filtration  were  approved  by  tlie  State  board  of  health  in 
.  The  sewage  will  be  delivered  at  the  filtration  fields  by  gravity, 
the  topographical  conditions  are  such  as  to  admit  of  utilization  in 
culture  by  broad  irrigation  on  porous,  sandy  lands. 
tbleskill. — Population  in  1890, 1,822.  Plans  for  sewage  disposal  by 
lical  purification  were  approved  by  the  State  board  of  health  in 
.  No  information  is  at  hand  as  to  whether  or  not  land-purification 
esses  have  been  considered. 

trtland. — Population  in  1890,  8,590.  Plana  for  purification  of  the 
ige  of  the  town  by  chemical  treatment  were  approved  by  the  State 
d  of  health  in  October,  1893.  The  plans  also  include  possible  filtra- 
through  land,  should  a  high  degree  of  purity  be  found  necessary. 
proposed  to  use  lime  and  sulphate  of  alumina  as  precipitants.  The 
s,  as  approved,  include  a  tank  area  for  from  9,000  to  10,000  people, 
arrangements  whereby  the  capacity  can  be  increased  as  required. 
report  of  the  engineer  does  not  state  whether  or  not  the  locality 
Id  admit  of  land-purification  processes. 

athush. — Under  the  health  laws  of  the  State  of  New  York,  the  gov- 
r  may,  on  presentation  of  evidence  as  to  the  existence  of  a  nuisance, 
r  the  same  to  be  abated  under  plans  subject  to  tlie  approval  of  the 
e  board  of  health.  In  1894  Governor  Flower  issued  such  an  order 
reference  to  the  sewage  of  the  village  of  Flatbush,  on  Long  Island, 
;h  then  grossly  polluted  Mill  Greek.  No  information  is  at  hand  as 
le  action  finally  taken  under  this  order. 

>rt  Plain. — Population  in  1890,  2,8G4.  This  town  is  situated  in  the 
ow  portion  of  the  Mohawk  Yalley  at  a  place  where  little  opportu- 
for  land  purification  exists,  except  that  the  town  incurs  the  expense 
imping.  The  cities  of  Bome,  Little  Falls,  and  Utica,  on  the  Mohawk 
>r  above  Port  PJain^  discharge  sewage  into  the  river  without, 

For  MB  Moomutt  of  the  Vamuur  College  works,  aee  tlie  EngineeTing  Keoord  o£  Ju»»*'% 
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at  the  present  time  it  is  donbtftil  if  any  improvemeDt  is  effected*  The 
answer  to  a  recent  letter  of  inquiry  refers  to  the  Atlantic  City  sewage- 
par  ificatiou  works  as  a  great  farce. 

UaM  Grange. — The  population  of  this  place  in  1890  was  13,282. 
Sewage-disposal  works  with  chemical  treatment  supplemented  by  filtra^ 
tion  through  land  were  constructed  in  1887  and  1888.  The  chemicals 
used  are  lime  and  sulphate  of  alumina.  So  far  as  known,  no  attempt 
to  raise  crops  on  the  filter  areas  has  ever  been  made.  The  works  are 
now  out  of  use,  the  sewage  going  to  the  Passaic  River  by  way  of  the 
Newark  sewers. 

Ussex  Felh. — This  place  is  an  im^iroved  suburban -residence  district 
with  a  daily  How  of  sewage  of  about  20,000  gallons.  Originally  the 
purification  was  merely  such  as  could  be  obtained  by  sedimentatioii  in 
a  tank,  supplemented  by  the  How  of  the  efiluent  through  a  mass  of 
broken  stone,  and  thence  into  gravel.  Two  filter  areas  capable  of  pari- 
fying  double  tlie  present  iiow  were  constructed  early  in  1897.^ 

Freehold. — Populaticm  in  1890,  2,932.  A  disi>oBal  plant  by  broad 
irrigation  was  brought  into  use  in  1893.  For  this  purpose  16  acres  of 
land  were  purchased,  upon  which  the  sewage  is  delivered  by  gravity. 
A  portion  of  this  has  an  unfavorable  peaty  soil  with  a  snrfac'e  of  from 
6  to  12  inches  of  bog  iron  ore.  The  remainder  is  greensaud,  marl,  and 
clayey  gravel.  The  cost  of  the  land,  including  right  of  way,  wa5 
$4,120,  and  with  fencing  and  preparation,  $6,207.  Engineering  and 
superintendence  cost  $1,944.  The  entire  force  of  labor  consists  of  one 
man  at  $300  per  annum.  The  disposal  area  was  seeded  with  IIuDfra- 
rian  grass  the  first  year,  which  sold  standing  for  $45,  but  the  hay  is 
said  to  have  molded  after  being  housed.  An  attempt  to  cure  this 
grass  the  second  year  is  also  said  to  have  failed.  Probably  if  Hunga- 
rian grass  is  the  proper  crop  to  raise  on  this  area,  ensilage  would  be 
the  best  way  to  preserve  it.^ 

Latcreneerille  School. — A  system  of  subsurface  irrigation  was  carried 
out  at  this  school  in  1883.  Additions  thereto,  either  by  intermittent 
filtration  or  by  broad  irrigation,  were  proposed  in  1893.  As  to  whether 
the  improvements  have  all  been  carried  out  there  is  no  information  at 
liand.'* 

Long  Branch. — The  winter  population  of  this  place  does  not  exceed 
7,000  or  8,000,  although  the  population  in  summer  is  estimated  at  from 
80,000  to  100,000.  Like  Atlantic  dty,  this  place  has  granted  a  fran 
diise  for  sewerage  works  to  a  ])rivate  company.  Chemical-precipitation 
and  mechanical  sei)arati()n  sewage  disposal  works  were  constructed  iu 
18S().     Definite  information  as  to  results  is  lacking.^ 

Morris  Plains  Asylum. — Works  for  sewage  disposal  by  se^limeuta- 

>  Kofer  to  En^'-  uud  BIdi;.  Kocord,  Vol.  XXXVI.  July  H.  1897. 
^Kt^fer  to  S*?veuteciith  Ann.  Krpt.  Xew  .Ursm"  St.  IJd.  of  Health.  1S93. 

^Jiefvr  to  Tram.  Am.  Soc.  Civ.  Enj;.,  Vol.  XVI,  1887,  En«:.  and  Bld^'.  Record,  Vol.  XVI,  Ijfcii    ioi 
Sewnae  I)i»posu]  in  the  T'nited  Stales. 
*  Refer  to  EUvt^nth  Ann.  Kept.  New  JerRey  SV.  \V\.  o\  \\vmvU\\,  Y**-;  . 
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tion  and  subsurface  irrigation  were  constmcted  at  this  State  institution 
in  1887.  The  sewage  is  also  dosed  with  a  small  quantity  of  sulphate 
of  alumina.  No  information  is  at  hand  as  to  whether  sewage  irrigation 
could  be  profitably  used.' 

Plainfield. — The  present  population  of  Plainfield  is  about  13,000.  It 
is  chiefly  a  residence  town,  a  very  large  portion  of  the  residents  being 
New  York  City  business  men.  The  construction  of  a  water  supply  a 
few  years  ago  has  had  the  usual  result  of  emphasizing  the  need  of 
sewers,  but  no  practical  move  was  made  in  this  direction  until  1892. 
It  was  then  resolved  to  construct  a  sewerage  system  with  purification 
by  intermittent  filtration  and  broad  irrigation.  The  construction  of 
the  works  was  begun  in  1894  and  completed  in  1895.  The  land  selected 
for  sewage  disposal  lies  at  an  elevation  of  from  50  to  70  feet  above 
mean  sea  level  and  can  be  mostly  reached  with  the  sewage  of  tlie  town 
without  pumping.  For  one  district,  however,  it  is  arranged  in  the 
future  to  drain  to  a  pump  well,  from  which  the  sewage  will  be  raised 
by  automatic  electric  pumps  into  a  neighboring  main,  whence  it  can 
flow  by  gravity  to  the  disposal  works.  The  works  at  Plainfield  are  of 
further  interest  because  of  a  trial  there  of  cultivation  of  the  filtration 
area.  The  result  of  such  experiment  with  Indian  corn  is  well  shown 
on  PI.  I  of  Water- Supply  and  Irrigation  Paper  No.  3,  and  on  PI.  V  of 
this  paper.  The  flow  of  sewage  is  stated  at  present  to  amount  to  from 
11,000  to  13,000  gallons  per  hour  at  11  a.  m.,  gradually  diminishing 
from  that  time  to  5,000  gallons  at  about  4  p.  m.,  and  again  increasing 
from  7  p.  m.  to  11,000  gallons  per  hour  at  11  a.  m.,  as  stated.  The  total 
flow  in  twenty-four  hours  is  stated  as  about  230,000  gallons.  The  works 
were  constructed  under  the  direction  of  A.  J.  Gavett. 

Princeton  College. — Sewage  disposal  by  broad  irrigation  was  carried 
out  at  Princeton  several  years  ago.  An  average  daily  flow  of  sewage 
of  from  7,000  to  10,000  gallons  is  purified  on  a  sloping  field  of  about  4 
acres  which  has  0  inches  of  black  soil  resting  upon  a  homo<^eneous  clay 
subsoil.  The  entire  area  is  drained  to  a  depth  of  4.5  feet  with  2-inch 
tiles  laid  30  feet  apart.  Sewage  is  applied  from  a  line  of  troughs  at  the 
upper  margin  of  the  field,  which  are  changed  from  place  to  place  as 
necessary.* 

Su7nmit — Population  of  the  township  in  1890,3,502.  Sewage  purifi- 
cation by  intermittent  filtration  was  first  operated  in  1892.  The  dis- 
posal area  consivsts  of  26  acres  of  land,  of  which  10  acres  have  been  laid 
out.  The  following  bacteriological  examination,  made  by  Dr.  Bichard 
N.  Connolly,  bacteriologist  to  the  Passaic  River  Commission,  indicates 
defects  of  some  sort  in  these  works. 

Sample  of  raw  sewage  taken  December  31,  1896,  showed  bacilli  coli 
communis  very  numerous,  with  a  total  number  of  bacteria  per  cubic 
centimeter  of  1,112,250. 


'  Refer  to  Eleventh  Ann.  Kept.  New  Jersey  St.  Bd.  of  UealthaSST. 
'Refer  to  Twentieth  Ann.  Rept.  New  Jersey  &l.  IMl.  Ti«a\\^\ A^^?^* 
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A  sample  of  the  filtrate  from  tbe  westerly  oatlet  taken  at  the  same 
time  also  showed  baeilli  coli  communis  very  numeroai},  vith  a  totd 
nnuiber  of  bucteria  per  cabk:  centimeter  of  1,098,900. 

A  sample  of  tbe  tiltrate  from  the  northerly  ontlet.  also  taken  at  the 
same  time,  showed  biicilli  coli  commnnis  nnmerous,  with  a  total  nam- 
ber  of  bacteria  per  cubic  ceutiineter  of  tiir),440,' 

IVcffffie/d.— This  town  had  a  population  id  18a7  of  about  3,00(1. 
Sewerage  and  sewage disjwaal  works  were  carried  out  in  1895  and  1896. 
The  method  of  disposal  is  by  means  of  intermittent  filtration  and  braad 
irrigation.  For  the  former  four  level  bedH  of  about  three-iinartemof 
an  aci-e  each  have  been  prepared  on  the  highest  part  of  the  disposal 
field,  which  lies  at  an  elevation  of  about  80  feet  above  tide  water. 
The  soil  ranges  from  a  line  saud  to  a  coarse  gravel.  For  the  present 
12  acres  have  been  purchased,  the  portion  not  included  in  the  filter 
beds  to  be  used  for  broad  irrigation.  Thus  far  only  one  mau  is  found 
necessary  to  take  care  of  the  sewage.  The  cost  (Jf  the  plant,  inclnding 
land,  was  $8,435.'  F.  A.  Dunham  wafi  designing  and  constructing 
engineer, 

PENNSYLVANIA. 

A  Ifoowd.— Population  in  1890,  30,337;  in  1895  the  population  was 
estimated  at  35,500.  The  town  is  located  at  the  base  of  tbe  Alleghenj* 
Mountains,  between  the  elevations,  1,110  and  1,350  feet  above  tide,  and 
near  the  hea^l  waters  of  the  Juniata  River.  A  sewage  disposal  plant, 
constructed  in  1890  and  1.S9T,  is  designed  to  purify  the  sewage  of  a  little 
less  than  oiiehalf  of  tbe  city,  wiiiih  originally  drained  southward 
toward  Hollidaysburg,  the  county  seat  of  Blair  County,  which  is  Bita- 
ated  on  the  stream  originally  receiving  the  sewage  a  few  milee  down. 

The  pollution  of  the  streams  receiving  tbe  Altoona  sewage  has  been 
a  source  of  controversy  for  many  years,  and  iu  1882  suits  were  brought 
against  the  city  for  polluting  springs  on  property  about  11,400  feet 
southward  from  the  city  limit.  This  case  was  finally  decided  agunst 
the  city,  and  claims  of  damages,  interest,  and  costs  to  the  amount  of 
$6,555.36  were  compromised  in  1895  for  $2,812.45. 

Early  iu  1895  surveys  for  a  sewage-disposal  plant  were  made  by  Hr. 
Harvey  Linton,  city  engineer.  Messrs.  Rudolph  Hering  and  Allen 
Hazen  were  employed  as  consulting  engineers.  The  details  of  the 
Altoona  sewage-disposal  operations  are  exceedingly  interesting,  but 
too  extensive  to  be  gone  into  here,  and  we  may  simply  state  that  the 
filter  beds  have  a  capacity  of  about  750,000  gallons  a  day.  The  land 
purchased  for  sewage  disposal  amounts  to  nearly  96  acres  and  cost 
$13,000.  Of  this  nearly  TO  acres  are  available  for  sewage  parification. 
The  new  works  were  first  operated  in  June,  1897,  It  is  intended  to 
raise  corn  upon  the  filter  areas. 

The  specifications  for  this  work,  as  prepared  mostly  by  Mr.  Hazes, 

niiA  ^v&i«^\i!.v>n^^^*>be  United  Suu*. 
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present  some  interesting  features.    The  following  is  the  clause  cover- 
ing grading  and  embankments : 

The  general  object  of  this  work  is  to  divide  up  the  land  into  a  series  of  level  plats 
surronnded  by  embankments,  so  that  each  can  be  separately  flooded  without  dis- 
turbing the  others,  and  to  prevent  the  overflow  of  the  land  by  the  stream  in  time  of 
flood. 

•  •••••• 

The  land  should  be  kept  in  as  loose  and  porous  condition  as  possible,  and  to  that 
end  all  that  part  of  the  area  to  be  filled  shall  be  plowed  1  foot  deep  and  left  in  loose 
condition  before  commencing  to  fill,  and  the  elevations  of  the  filling  shall  be  carried 
to  such  additional  elevation  as  may  be  directed  by  the  engineer,  to  allow  for  subse- 
quent settlement  to  bring  all  parts  of  the  bed  to  the  same  ultimate  elevation. 

The  dividing  embankments  shall  be  solidly  constructed  and  rolled  if  necessary. 
The  stone  removed  from  the  land  may  be  largely  placed  in  them  if  not  otherwise 
required.  The  outside  embankment  as  low  as  ordinary  high  water  shall  be  paved 
with  stones  removed  from  the  field  in  such  exposed  places  as  may  be  directed  by  the 
engineer,  and  the  remainder  of  the  slope  and  top  carefully  sodded  with  firm,  healthy 
sods. 

Land  stones  over  4  inches  long  are  to  be  removed  f^om  the  surface  material  as  fast 
as  the  same  is  removed  and  are  to.  be  placed  in  the  embaukments  or  along  the  river 
to  prevent  washing,  us  wiU  best  servo  the  interests  of  the  work,  and  as  may  be 
directed  by  the  engineer. 

After  removing  the  stones  the  surface  of  the  beds  shall  be  carefully  graded  and 
smoothed  and  left  in  porous  condition,  free  from  compacting  from  wheels  or  hoofs, 
and  ready  for  receiving  sewage.' 

Norristoxcnj  State  Hospital  for  the  Insane, — The  total  population  of 
this  institution  is  about  1,500,  and  the  total  daily  consumption  of  water 
about  325,000  gallons,  or  150  gallons  per  capita.  A  sewage-disposal 
plant,  with  purification  by  filtration  and  broad  irrigation,  was  con- 
structed in  1885.    These  works  are  said  to  have  been  specially  successful.^ 

fi^ar^tiw/.— Population  in  1890, 58,661.  The  proprietary  process  of  the 
Pennsylvania  Sanitary  Sewage  Company  was  carried  out  in  1895.  It 
is  claimed  that  the  works  have  sufficient  capacity  to  purify  15,000,000 
gallons  of  sewage  a  day.  The  following  statement  embodies  the  main 
I)oint8  of  these  worka: 

The  sewage  falls  by  gravity  into  reservoirs  20  feet  in  diameter,  with 
coke  filters  12  inches  deep,  through  which  the  sewage  first  passes  in 
order  to  scr/Bcn  out  the  coarser  suspended  matter.  The  reservoirs  are 
ventilated  by  special  passages  which  surround  the  smoke  fine  and  are 
expected  to  discharge  foul  odors  at  a  height  of  about  100  feet. 

The  sewage  is  drawn  from  the  reservoir  into  a  suction  chamber,  from 
which  it  is  pumped  to  filter  beds  on  the  river  banks,  about  a  mile  from 
the  pumping  station.  These  beds  are  two  story  structures  of  brick, 
stone,  and  iron,  250  by  50  feet,  each  story  being  subdivided  into  ten 
compartments,  making  a  total  of  twenty  compartments  25  by  50  feet. 
The  filter  beds  are  divided  into  upper  and  lower  sections,  in  order  to 
combine  aeration  with  filtration.  The  filtering  material  of  the  upper 
section  consists  of  fine  sand  2  feet  thick.    After  percolating  through 


>Plroc  Bng.  Clab  of  Philmiolphia,  Vol.  XIV,  Ju\y-S©pt«m\>«t  AWl 
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this  the  sewa^  falls  8  feet  to  a  lower  filter,  which  is  formed  of  rariouR 
grades  and  Mizes  of  Altering  material.  Inlets  are  provided  iu  which 
air  is  to  be  circulated  in  the  coarser  material  of  the  lower  section.  The 
effluent  water  is  dischaj'ged  directly  into  the  river.    . 

The  author  ciin  not  but  think  that  the  prot>ositioD  to  purify  i5,(HH),UNJ 
gallons  of  sewage  a  day  by  this  plant  must  be  intended  as  a  joke' 

Watfne. — TLis  place  is  a  suburban  village  with  a  population  in  1«9() 
of  997.  It  has  grown  rapidly,  and  at  present  the  population  is  much 
greater.  There  are  no  mauui'actories.  Sewage  disposal  by  surfsicc 
irrigation  was  carried  oat  in  1891.  The  dispo.'^al  nrea  includes  11  ncree 
of  sidehill  land,  with  creek  Howing  through  the  middle.  A  portion 
of  the  land  is  timbered,  as  shown  by  fig,  2  in  Water-Supply  and  Irriga- 
tion Paper  No,  3  and  by  PI.  Vll  in  this  paper. 

The  sewage  flows  by  gravity  to  tlie  pumping  station,  whence  it  is 
forced  to  distribution  wells  on  adjacent  highlands,  from  which  it  flovs 
down  the  sidehill  through  heaps  of  broken  stone.  At  various  places 
below  cinder  banks  are  formed.  A  very  cfScieiit  filtration  is  said  to  be 
obtained  by  this  procena  iu  course  of  a  few  hundred  feet  below.  In 
1892  the  average  daily  quantity  of  sewage  was  established  at  aboot 
200,000  gallons.  During  that  year  five  crops  of  grass  were  raised  on 
the  irrigated  land."    The.elHuent  water  is  di&ciiarged  into  the  river. 

WEST  VIRGINIA. 

WcKtoH,  state  Tnaatic  Bospital, — Plaus  for  sewage  dispasal  by  chemical 
precipitation,  supplemented  by  broad  irrigation,  on  about  27  acres  of 
land  on  which  it  was  iotended  to  grow  crops  were  prepared  in  1891.  In 
view  of  the  sewage  farming  offering  an  opportunity  for  employiag  > 
considerable  number  of  harmless  insane  iu  light  outdoor  labor,  it  wu 
believed  that  this  project  was  an  especially  feasible  one.  Thus  fu, 
however,  the  We^it  Virginia  le^slatore  has  not  appropriated  the 
(40,000  necessary  in  order  to  carry  out  the  project  in  fnll  detaiL^ 


Parfo.~Popalation  in  1890,  8,254.  This  town  is  finely  located  in 
northwestern  Texas,  aboot  14  miles  from  Bed  Biver,  at  an  elevation  of 
588  feet  above  tide  water. 

Sewers  were  constructed  in  1894,  discharging  into  a  small  strean 
known  as  Bankers  Greek.  Soon  after  constructing  a  main  sewer,  form- 
ers on  this  creek  below  the  outfall  brought  suits  for  damages  aggre- 
gating 915,000.  Trial  of  one  of  them  resulted  iu  a  verdict  against  the 
city  of  $900. 

The  suits  had  the  efiect  of  forcing  attention  to  some  other  means 
of  sewage  disposal,  and  in  the  early  part  of  1897  a  system  of  disposal 

'  Ed^.  ■nd  Bldg.  Kecoid,  Vol.  XXXI.  Ma;  4,  ISeS. 

'Refer  to  lie  Am.  Arch.,  Jalj  2.  IBK:  Eiik.Ub-w%,  VnV3.5.NU\,lSoiBiBl«c  3, 189J:  andSmp 
Disptml  Sa  the  tTnlUd  8Ut«a. 
* Batar  to  Jatu.  at  v.  Vk.Hoiu«ot  Delegfcliw,  T6\iiu»i5  ■!».  \H»V- 
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by  intermittent  filtration  was  began.  For  this  purpose  the  city  pur- 
chased 10  acres  of  land  for  $750,  of  which  5^  acres  have  been  laid  out. 
The  cost  of  constructing  5^  acres  of  filters  is  given  at  $3,730.  The 
present  daily  iiow  of  sewage  is  from  35,000  to  40,000  gallons.  The 
sewage-disposal  areas  are  cared  for  by  one  man,  who  is  paid  at  the  rate 
of  $420  a  year.    It  is  proposed  to  crop  with  alfalfa  in  1898.^ 

San  Antonio.— Population  in  1890,  36,673.  The  city  purchased  530 
acres  of  land  in  1895,  with  the  expectation  of  establishing  a  sewage 
farm.  Information  is  not  at  hand  as  to  the  present  state  of  the 
enterprise. 

Temple. — Population  in  1890,  4,047.  It  is  understood  that  this  place 
has  recently  granted  a  franchise  to  a  private  company  to  construct  and 
operate  sewerage  and  sewage-disposal  works. 

OHIO. 

Alliance. — Population  in  1890,  6,707.  A  chemical-purification  plant 
estimated  to  cost  $18,400  has  either  been  recently  constructed  or  is 
about  to  be  constructed  at  this  place.  As  to  just  the  present  state  of 
the  project,  no  information  is  at  hand. 

Canton. — Population  in  1890,26,189;  present  population  estimated  at 
about  35,000.  The  outfall  sewer  originally  discharged  raw  sewage  into 
the  main  branch  of  the  Nimishilleu  Greek.  Complaints  were  made 
several  years  ago  by  the  owners  of  land  abutting  on  the  creek  below 
the  outlet  of  the  sewer,  thus  bringing  the  question  of  sewage  purifica- 
tion before  the  city  authorities,  who  acquired  28  acres  of  land  at  and 
about  the  sewer  outfall  for  the  purpose  of  providing  some  method  of 
purification.  Chemical  treatment  was  finally  decided  upon  as  adequate 
to  the  requirements,  although  the  relative  cost  of  chemical  purification 
versus  land  treatment  does  not  appear  to  have  been  gone  into.  The 
works  were  constructed  under  the  supervision  of  L.  E.  Chapin,  city 
engineer. 

The  plant  was  first  started  in  May,  1893,  since  which  time  all  the 
sewage  of  the  city  has  been  treated.  The  following  analyses,  made  by 
Dr.  Curtis  C.  Howard,  in  which  the  results  are  stated  in  parts  per 
100,000,  indicate  the  degree  of  purification  eftected.  No.  1  is  the 
average  of  24  samples  of  the  raw  sewage,  and  No.  2  the  average  of  24 
samples  of  effluent  taken  at  the  same  time  as  No.  1. 

Analyses  of  raw  sewage  and  of  effluent ^  at  Canton,  Ohio, 

[Parte  per  100,000.] 


Free  ammonia 

Albuminoid  ammonia. 

Chlorine 

Total  Bolids 


No.  1. 


0.894 
.326 
2.14 
49.3 


No.  2. 


0.676 
.112 
2.05 
41 


\  \ A 


'Refer  to  Eng.  News,  Vol.  XXXV  111,  A.ugT»t  l^l«»l. 
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The  cost  of  the  sewage-dispoRal  plant  at  Canton  to  Maroh  16, 1807, 
is  as  follows: 

LMid ^ $4,100101 

Constraotion ? 27,31&8 

Material 14.11 


I 


Total 81,329.« 

The  cost  of  maintaining  the  works  in  1896  was  as  follows : 

Labor $l,e9()L(» 

Coal 85116 

Lime 78B.O 

Alum 603.15 

Oil  and  waste 88.01 

Filter  Backs 4&68 

General  repairs 6L91 

MisoellaDeons 44.50 

New  smokestack » 137.00 


Totalforyear ia,66^2S 

Fostoria. — ^The  i)opa]ation  in  1890  was  7,070.  Plans  for  sewage  dis- 
posal by  land  purification  were  prepared  in  1895.  As  to  whether  th^ 
have  yet  been  carried  out  no  information  is  at  hand.  The  conditions 
are  snch  as  to  require  pumping  to  the  disposal  field.  Oost  of  disposal 
works  is  estimated  as  foUows: 

24i  acres  of  land,  at  $150 $3,675.00 

Preparation  for  beds,  including  underdrainage,  grading,  force  main,  main 

carrier,  and  effluent  drain 6,425.00 

Eeservoir,  sludge  and  pump  well,  necessary  buildings,  ]>oi1er,  and  pumps.  14,920.00 

Total ^,020.00 

Kunning  expenses  with  coal  as  fuel  are  estimated  at  aboat  $1,843 
per  year,  without  taking  into  account  the  profit  to  be  realized  from  the 
sale  of  produce  raised  on  the  filter  areas.^ 

Oberlin, — This  place,  which  is  the  site  of  Oberlin  College,  had  a  pop- 
ulation in  1890  of  4,376.  A  sewerage  system,  with  disposal  by  broad 
irrigation,  was  constructed  in  1893.  The  irrigation  field  includes  15 
acres,  purchased  at  a  cost  of  81,500.  In  1894  the  daily  flow  of  sewage 
varied  from  35,000  to  40,000  gallons.  In  addition  to  broad  irrigation,  9 
filter  beds  have  also  been  prepared,  of  which  3  are  devoted  to  raising 
woodland  rye  grass,  3  to  alfalfa,  and  3  to  corn  and  garden  vegetables. 

The  soil,  which  consists  of  yellow  clay  underlain  at  a  few  feet  by  stiff 
blue  clay,  is  not  specially  favorable  for  sewage  disposal.  As  to  the 
best  methods  of  treating  such  a  soil,  reference  may  be  made  to  a 
description  of  the  sewage  farm  at  Wimbledon,  England,  in  Water- 
supply  and  Irrigation  Pax)er  No.  3.  The  Oberlin  sewage  farm  is  also 
especially  interesting  because  of  the  small  amount  spent  in  preparation. 

1  Refer  to  Canton  Mnnicipal  RoporU  and  Tenth  Ann.  Bept.  Ohio  St.  Bd.  Health,  1886. 
>Befer  to  Tenth  Ann.  Kept.  Ohio  St.  Bd.  Health,  1895. 
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The  following  are  the  figures: 

6,000  feet  of  agrionltural  tile $266 

Tool  house ^ 55 

Gradmg  and  incidentals -  166 

Small  pomp  and  tank 42 

Land 1,500 

Total 2,019 

Some  reports  as  to  a  nuisance  at  the  Oberlin  sewage  farm  having 
gained  circulation,  a  committee  of  the  Ohio  State  board  of  health 
inspected  it  in  July,  1895.  In  their  report  the  committee  say  that  no 
just  cause  exists  for  complaint  in  respect  to  the  Oberlin  sewage  farm.* 

Sewage  disposal  plants  are  also  reported  as  ppojected  at  Bowling 
Green,  Cambridge,  Chillicothe,  Columbus,  Glenville,  Greenville,  and 
Mansfield,  Ohio. 

MICHIGAN. 

Wayne  County  Poor  Farm. — A  chemical  precipitation  plant,  costing 
about  $10,000,  was  first  operated  at  this  institution  in  1896.  Cost  of 
operation,  including  chemicals  and  attendance,  is  estimated  at  about 
80  cents  per  capita  per  annum  for  a  population  of  800.* 

St,  Johns, — Population  in  1890, 3,127.  A  land-purification  project  has 
been  proposed. 

ILLINOIS. 

Pullman.^ — This  farm  was  laid  out  in  1880  and  1881  by  the  Pullman 
Palace  Car  Company  as  a  means  of  purifying  the  sewage  of  the  model 
town  of  Pullman,  which  is  about  14  miles  south  of  Chicago  and  at 
present  is  included  within  the  limits  of  that  city.  The  population  in 
1893  was  11,000.  The  only  body  of  water  in  the  vicinity  which  could 
possibly  receive  crude  or  raw  sewage  is  Lake  Calumet,  a  lake  about  3 
miles  long,  1^  miles  wide,  and  from  1  to  8  feet  deep.  The  extreme 
shallowness  of  this  lake,  as  well  as  the  absence  of  current,  renders  it 
very  undesirable  as  a  place  for  disposing  of  crude  sewage,  and  the  coun- 
try about  Pullman  is  so  fiat  that  it  was  necessary  to  pump  the  sewage 
to  the  area  selected  for  farming  purposes.  The  area  originally  selected 
comprises  about  1,500  acres,  though  thus  far  only  a  small  part  of  this 
tract  has  been  used.  In  1892,  with  an  average  daily  How  of  sewage' 
of  about  1,850,000  gallons  in  twenty-four  hours,  the  land  in  actual  use 
did  not  exceed  140  acres. 

This  farm  is  of  special  interest  in  the  present  connection,  because  its 
original  design  recognized  the  principle  of  having  filter  areas  on  which 
any  surplus  sewage  not  needed  for  the  best  results  in  irrigation  could 
be  purified.  It  should  not  be  overlooked  that  reports  have  frequently 
come  from  Pullman  that  the  sewage  was  often  allowed  to  flow/into 

1  Befer  to  Ninth  Ann.  Kept.  Ohio  St.  Bd.  Health,  1894  and  1895. 

«  Refer  to  Eng.  and  Bldg.  Record,  Vol.  XXXIV,  July  11,  1896. 

*  The  use  of  thia  f»rm  for  sewage  diapoeal  baa  recently  been  ^i\»Qo\i\.Va>aAA.. 
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Lake  Calumet  in  nearly  its  iiatnral  coudition.  Oa  tMs  point  it  nuj 
be  remarked  t)i:it  the  projectors  lia^e  probably  felt  tbat  little  ham 
was  done  to  anybody  so  long  as  no  nnisunce  was  ereat<Ml  in  the  lake 
or  along  its  margius.  The  fai't  tbat  a  portion  of  the  ice  supply  of  Clu- 
cago  was  taken  from  Lake  Oalauiet  during  the  winter  bae  been  con- 
sidered with  indifi'erence.  Uwing,  therefore,  to  either  melticient  or 
indiR'ereiit  niaiiagemeut,  the  Pullmuii  farm  can  not  be  referred  to  aa  « 
specially  snccesstiil  example  of  sewage  puriiicatiun,  although,  Irum  the 
statements  made,  the  atilizattuii  has  jiistilied  iu  a  oonimuroial  way  tibs 
expectations  of  its  pvojectors.  The  farm  is  stated  to  have  yielded  in 
Bome  years  a  net  profit  of  from  S  to  XO  per  <!ent.  The  designing  engi- 
neer, Beoezotte  WilliaraB,  of  Chicago,  is  entitled  to  the  credit  of  having 
made  bis  design  sixteen  years  ago  in  line  with  what  is  universallf 
considered  to  be  the  best  practice  of  the  present  day. 

The  soil  at  Pullman  is  the  ordinary  prairie  black  allnvium,  about  1 
foot  iu  deplh,  and  mostly  underlain  by  a  clay  subsoil.  It  is  therefore 
not  the  most  favorable  for  utilizing  a  large  volume  of  sewage  on  a  small 
area.  From  what  has  been  learned  in  regard  to  this  farm,  it  is  the 
author's  opinion  that  a  considerably  larger  area  should  be  used.  With 
this  improvement,  as  well  as  some  additions  to  the  filter  area  in  ord«r 
to  afford  suflicient  relief  iu  wet  weather,  it  is  believed  that  sewage 
farming  can  be  made  VL-ry  snccessful  at  Pullman,  from  the  poiut^of 
view  of  both  purification  and  utilization. 

The  underdrains  are  of  common  agricultural  tile,  laid  about  M  feet 
apart  to  an  average  depth  of  about  4^  feet  The  most  satisfactorj 
crops  are  cabbage,  (■iinlirtowiT,  celery,  and  other  vegetables  common  to 
market  gardening.  For  some  reason  the  raising  of  potatoes  has  not 
been  successful  on  this  farm.  Italian  rye  grass  is  also  reported  as 
nnsaited  to  the  conditions,  but  whether  the  difflculty  is  dne  to  climata 
or  soil,  or  botb,  is  unknown.  Very  little  live  stock  is  kept,  because 
market  gardening  for  the  Chicago  market  is  more  profitable.  Dnring 
the  growing  season  abont  forty  laborers  are  employed  at  the  current 
rates  of  common  labor  in  the  vicinity  of  Chicago. 

The  distribution  of  setrage  at  Pullman  is  effected  by  thf  pipe-snd- 
hydrant  system.  For  this  purpose  vitriHed  tile  pipes,  tested  by  water 
.pressure  before  laying,  have  been  successfully  used. 

Tbe  foregoing  short  account  of  the  Pullman  sewage  farm  is  given 
here,  not  because  it  is  an  example  of  the  best  work  in  sewage  utiliza- 
tiou,  bat  because  it  was  the  first  large  sewage  farm  in  the  Unite'. 
States,  and  because,  farther,  it  was  designed  in  accordance  with  tbe 
now  universally  recognized  principle  of  intermittent  filtration  relief 
areas.  In  view  of  tbe  large  experience  gained  elsewhere,  failure  to 
purify  tbe  sewage  efficiently  at  all  times  must,  as  has  already  been 
pointed  ont,  be  attributed  to  the  management  rather  than  to  the  method. 
Under  this  head  it  may  be  remarked  that  thus  far  the  American  farms, 
generally  speaking,  have  not  realized  tbeir  full  agricoltnral  capacity 
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by  reason  of  defects  in  management.  We  need  to  develop  here,  as 
there  have  been  developed  abroad,  a  class  of  sewage-farm  managers  who, 
having  made  a  specialty  of  this  method  of  farming,  shall  be  not  only 
informed  as  to  details  bat  qnalified  to  meet  emergencies. 

As  regards  sewage-pnrification  works  owned  and  operated  by  towns, 
it  may  be  said  that  the  entire  separation  of  the  management  of  the 
works  from  local  politics  will  be  the  first  necessary  step  toward 
increased  efficiency. 

Worlds  Fair. — The  sewage  of  the  World's  Colnmbian  Exposition,  in 
1893,  was  pnrified  by  mechanical  precipitation  before  discharged  into 
Lake  Michigan.  The  plant  assigned  for  this  purpose  embodied  the 
method  of  vertical  tanks,  an  illastration  of  which  may  be  fonnd  at 
page  556  of  Sewage  Disposal  in  the  United  States.^ 

This  plant  was  placed  in  charge  of  Mr.  Allen  Hazen,  who  made 
extensive  stadies  as  to  its  efficiency.  The  daily  quantity  of  sewage 
treated  varied  from  aboat  6  million  to  9  million  gallons.,  The  total  cost 
of*  treatment  per  million  gallons  was  $38.09.  The  works  cost  about 
$55,000,  of  which  $20,000  was  for  the  building. 

The  cost  of  the  chief  precipitant  used  varied  from  $20.40  to  $47  per 
ton.  Mr.  Hazen's  results  are  given  in  considerable  detail,  but  can  n#t 
be  further  gone  into  here.  On  the  whole  his  report  is  adverse  to  the 
efficiency  of  the  process.^ 

WISCONSIN. 

Menominee  Valley, — The  sewage-disposal  plants  in  Menominee  Val- 
ley have  been  described  on  page  24,  in  conuection  with  the  discussion 
of  purification  of  manufacturing  wastes.  They  include  Schmidt's 
Curled  Hair  Works,  McBride's  Sanitarium,  the  l^ational  Soldiers' 
Home,  the  public  institutions  of  Milwaukee  County,  and  the  Miller 
Brewing  Company.^ 

MINNESOTA. 

Rochester  Hospital  for  the  Insane. — Sewage  disposal  by  chemical  pre- 
cipitation supplemented  by  intermittent  filtration  was  first  operated  at 
this  State  institution  in  1890.  The  population  of*  the  hospital  is  stated 
at  about  1,050  persons,  with  a  total  sewage  flow  of  60,000  gallons  a  day. 
The  sewage  first  flows  to  tauks  of  sufficient  capacity  to  handle  76,000 
gaUons  a  day,  from  which,  after  treatment  with  chemicals,  the  effluent 
is  pumped  to  a  filtration  area  with  about  IG  inches  of  surface  loam, 
below  which  is  sand  and  gravel.  This  area  is  underdrained  with  3-inch 
tile  laid  in  lines  about  25  feet  apart.  In  spite  of  the  low  winter 
temperature  of  Minnesota,  it  is  stated  that  no  trouble  has  been  experi- 
enced in  securing  sufficient  winter  purification.    The  sewage  probably 


1  Additional  illustrations  of  this  plant  are  giveu  in  Kng.  News,  Vol.  XX,  Aufcust  3,  1803. 
>  The  full  results  of  Mr.  Hazen's  studies  of  the  World's  Columbian  Exposition  sewage-disposal 
plant  may  be  found  in  the  IVenty-fifth  Ann.  Kept.  Mass  St.  Bd.  Health,  1893. 
»  Kefer  to  Eng.  News,  Vol.  XXXIII,  June  13, 1895,  and  Sixteenth  Bept.  Wia.  St.  Bd.  Health,  1895-88. 
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reacrhes  the  precipitatiou  tank  in  cold  weather  with  a  temperatnre  of 
about  450  F.i 

NEBRASKA. 

lIoHtingH. — Population  in  1890,  13,584.  Stated  present  popnlatioD, 
15,000  to  18,000.  A  sewa^i^e  farm  of  about  70  acres  was  carried  oat  in 
1891  or  1892.  The  soil  of  this  farm  is  open  and  porous,  and,  bo  iStf  as 
known,  has  not  been  underdrained.  No  information  is  at  hand  as  to 
the  success  exi>erienced  in  cropping.* 

COLORADO. 

Colorado  SprifUfs, — Po])ulation  in  1890, 11,140.  A  sewerage  syBtem 
was  carried  out  in  1888  and  a  sewage  farm  in  1889.  Soon  aftcff  opening 
the  sewage  works  a  ranchman  living  2  miles  below  the  outfally  whichis 
into  a  small  stream  with  a  normal  flow  of  about  50  cubic  feet  per  aeoond 
and  at  times  with  no  flow  at  all,  instituted  ipjunctlon  pn>ceeding8y  daim- 
ing  that  his  well  was  so  polluted  as  to  render  the  water  nnflt  for  drink- 
ing, and  that  the  water  in  his  irrigating  ditch,  of  which  the  head  gate  is 
about  three-quarters  of  a  mile  below  the  sewer  outfall,  was  so  foul  that 
stock  would  not  drink  it.  The  matter  was  arbitrated  and  the  suit  with- 
drawn, the  city  paying  all  costs  of  proceedings  and  agreeing  to  divert 
the  sewage  and  utilize  it  for  irrigation. 

A  cx)n tract  was  then  made  between  the  city  and  the  owner  of  a  tract 
of  about  35  acres  of  land  upon  which  the  sewage  could  be  conveniently 
diverted  by  gravity,  the  city  agreeing  to  pay  $300  annually  for  five 
years,  and  the  owner  on  his  part  agreeing  to  use  the  sewage  for  irriga- 
tion i)urposes  in  such  manner  as  h(»  deemed  best,  provided,  however, 
that  the  sewage  b(»  prevented  from  flowing  directly  into  the  creek,  and 
provided  further,  that  if  the  method  of  irrigation  was  not  satisfactor}' 
to  parties  on  the  stream  l)elow,  th(»  city  should  take  possession  of  the 
land  and  use  such  methods  as  it  thought  best.  At  the  expiration  of 
the  contract  the  city  was  to  have  the  option  of  buying  the  land  at  a 
stipulated  price.  Whether  or  not  this  has  been  done  is  not  known*  The 
irrigation,  however,  is  said  to  have  been  very  successful.  In  18d2  sew- 
age was  used  on  25  acres — 15  acres  in  meadow  and  alfalfa  and  10  acres 
in  vegetables.  The  crops  ])roduced  have  been  very  large,  and  owing  to 
close  proximity  to  market  the  farm  is  said  to  be  a  paying  inveatmeut 

As  illustrating  the  demand  for  water  in  this  section,  it  is  stated  that 
farmers  several  mil(\s  below  the  sewer  outfall,  seeing  the  sewage  farm 
well  su])])lied  with  water  at  times  when  their  iarms  were  suffering  from 
shortage,  have  threatened  to  enjoin  tlie  city  from  using  the  sewage  for 
this  purpose,  and  thus  (compelling  it  to  turn  the  sewage  into  the  stream 
for  their  benefit.' 

Lradrille, — I*oi)uhition  in  18!M),  10,().ll.     The  sewerage  system  of  this 

>  li«  f.r  I0  Sixth  IWoimial  Kt'pt.  nl"  T  rust  e'en,  18U0,  Eii;:.  ami  lihl^j;.  lio'd.,  Vol.  XXIII,  and  S<*wacr 
Dispotalin  tin-  [.'/iifcd  State's. 
'Jii/'rr  to  Kutr.  JS'ijuH,  Vol.  X  XI X,  March  0.  mv.l.  AnvV  Sv-v.av;*^'  \Y\A\A^*^a\\Tv\\\vi\:Ts\\«*\.^V»XR..>^. 
''Kofvr  toEni;.  J^uws,  \'ol.  XXIX,  February  iU,  \%tfi,  au(l^vfvvi'i^V\iftv^>Mj^\\v\Yv^>3\i\x»^'S^aX^ 
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place  was  built  in  1886  by  the  Leadville  Sewerage  Oompuiy.  The 
original  sewage-disposal  works  as  constructed  by  this  company  included 
a  sand  aud  gravel  filter  about  6  or  7  feet  deep,  with  a  surface  area  of  24 
square  feet.  Whether  this  extensive  sewage-disposal  plant  is  still  in 
use  is  Dot  known. 

Trinidud, — Population  in  1890,  5,523.  A  sewerage  system  was  first 
operated  in  1892.  Sewage  is  first  received  in  a  settling  tank  50  feet 
loDg,  5  feet  wide,  and  4  feet  deep,  from  which  it  flows  upon  laud.  To 
the  end  of  1892  about  $1,200  had  been  expended  in  preparing  the 
irrigation  area  to  receive  sewage.  Blue  grass  was  origiually  proposed 
as  a  crop  on  the  farm,  because  it  was  supposed  that  this  grass  would 
st^nd  more  frequent  irrigation  than  any  other  crop.  A  private  party 
owns  the  irrigation  area,  on  which  the  city  delivers  the  sewage  aud 
pays  $500  a  year  to  the  owner. 

MONTANA. 

Helena. — The  i)opulation  in  1890  was  13,134.  A  sewerage  system 
was  flrst  oi>erated  in  1889.  At  this  place  the  sewage  is  utilized  only 
in  the  growing  season.  During  times  when  the  ground  is  so  fix>zen 
that  there  is  no  absorption,  sewage  flows  in  natural  channels  upon  the 
surface.  The  lower  end  of  the  outfall  sewer  connects  directly  with  the 
distributing  ditches  of  the  farm,  which  includes  40  acres  of  land,  pur- 
chased for  $6,100.  It  is  leased  at  an  annual  rental  of  $200.  Crops 
raised  are  vegetables  and  nursery  stock. 

m 

UTAH. 

Salt  Lake  City, — Population  in  1890,  44,843.  A  sewage  farm  was 
carried  out  at  this  place  under  the  direction  of  F.  O.  Kelsey,  city  engi- 
neer, in  1895  and  1896.  The  daily  flow  of  sewage  is  stated  at  4,000,000 
gallons.  In  addition  storm  water  to  the  amount  of  15,000,000  gallons  per 
day  may  be  expected  at  different  times.  The  land  acquired  by  the  city 
amounts  to  183  acres,  of  which  80  acres  have  been  plowed  and  are  under 
cultivation  in  1897.  It  fronts  on  the  Jordan  Eiver  and  the  main  ditch 
is  extended  to  the  stream,  so  that  when  the  outfall  sewer  is  running  full 
the  flow  can  be  diverted  directly  to  the  river  without  passing  over  the 
land.    Settling  basins  to  the  extent  of  30  acres  have  been  prepared. 

Sewage  was  first  delivered  on  the  farm  on  July  11,  1896.  No  crops 
were  planted  that  year  except  5  acres  of  corn  for  fodder.  It  is  intended 
to  improve  the  farm  by  erecting  buildings,  planting  shade  trees  along 
the  highways,  and  an  orchard  of  6  acres,  which  is  too  high  for  irrigation, 
but  thus  far  the  money  has  not  been  furnished  for  these  improvements. 

The  results  of  this  extensive  sewage  irrigation  at  Salt  Lake  City  will 
be  looked  for  with  interest,  the  more  especially  as,  when  the  sewage 
farm  was  first  proposed,  it  was  thought  that  neighboring  farmers  would 
be  willing  to  take  the  sewage  for  irrigation,  because  all  land  at  Salt  Lake 
City  necessarily  requires  irrigation.  The  farmers,  however,  refused  to 
take  it,  mainJj,  it  is  said,  from  ignorance,  thinkm^  \\»^q\3\<&l  ^^Msi^^XiM^ 
JBB22 6 
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cropSy  clog  the  ground,  and  be  otherwise  iiyurionfi.    It  was  fiir  tioi 
reason  that  the  city  embarked  in  sewage  &nning«^ 

The  total  cost  of  the  sewage  &rm  to  January  1, 1897,  was:  Lend, 
$14,763.45;  plowing,  $273.42;  preparation  of  snrfiBMoe,  etc,  $3,452.64; 
total,  $18,489.51. 

The  total  cost  of  handling  the  sewage  for  the  last  six  mcmths  of  1896 
was  $683.36.  Assuming  an  average  of  4,000,000  gaUons  a  dagr,  fhii 
woold  be  at  the  rate  of  abont  93  cents  per  million  gallans  handfcwl  ftr 
the  six- months  period.  Probably  when  the  sewage  farm  la  in  fldl  Oftr- 
ation  the  cost  will  be  greater,  but  it  will  be  met  by  sale  of' 

ARIZONA. 

P^o?nir.— Population  in  1890,  3,152.  The  waterworks, 
sewage  disposal  at  this  place  are  all  owned  by  the  Ariaona  Water 
Works  and  Sewage  Compauy.  According  to  the  informatkm  at  bmd, 
160  acres  of  land  have  been  provided  for  a  sewage  farm,  on  whidi  aswace 
is  largely  used  for  irrigating  garden  truck  by  Chinese  gardeiierii  The 
results  are  understood  to  be  satisfactory.  A  view  of  an  irrigiatod  Add 
will  be  found  in  PI.  YII. 

CALIFORNIA. 

Fresno. — Population  in  1890,  10,818.  Sewers  were  constructed  in 
1889.  In  1890  a  contract  was  made  with  Alexander  McBean,  of  Oak- 
land, to  take  the  sewage  and  purify  it  by  irrigation,  the  city  paying 
therefor  $5,000  per  year.  Mr.  McBean  purchased  80  acres  of  land  at 
the  outfall,  and  during  the  tirst  year  the  sewage  ran  upon  it  withoat 
special  attention  or  care,  except  when  some  neighbor  saw  fit  to  take  it 
for  irrigation.  The  second  year  distribution  ditches  were  constructed 
and  the  land  leased  to  Chinese  gardeners  for  vegetable  gardens  and 
vineyards.  The  land  is  now  all  under  cultivation  with  the  various 
kinds  of  vegetables  commonly  in  the  market,  such  as  potatoes,  yams, 
parsnips,  lettuce,  celery,  beans,  peas,  and  corn.  Statements  as  to  the 
amount  of  sewage  are  lacking.- 

Los  Angeles. — Sewage  irrigation  at  Los  Angeles  is  of  considerable 
interest,  because  the  most  extensive  sewage  farming  by  private  owners 
in  the  United  States  is  practiced  there.  The  population,  aooording  to 
the  census  of  1890,  was  50,395.  In  1894  a  conservative  estimate  placed 
it  at  70,000. 

Los  Angeles  is  built  upon  both  sides  of  a  torrential  stream,  Loe 
Angeles  Eiver,  at  a  point  about  20  miles  from  its  mouth,  and  at  a  dis- 
tance of  about  12  miles  from  the  Pacific  Ocean.  Sewage  irrigation 
here  was  originally  carried  on  by  a  private  company,  which  took  the 
sewage  as  delivered  from  the  main  outfall  sewer  and  conveyed  it  by 
ditches  to  an  area  on  which  it  was  utilized  in  agriculture  as  required 
on  various  small  tracts,  the  surplus  being  allowed  to  flow  away  into 


iB«fer  to  the  Salt  Lake  City  Municipal  Rept.for  1886,  and  £ng.  News,  Vol.  XXXVII,  ICwoh  18. 1897. 
*ieefer  to  Sewage  Diepoeal  in  the  United  Statea. 
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the  stream  nnpiirifled.  In  the  course  of  time  the  area  originally  irri- 
gated became  city  property,  and  a  large  portion  of  it  having  been  sold 
for  residence  sites,  many  of  the  landowners  objected  to  sewage  irriga- 
tion and  obtained  injunctions  restraining  its  ase  in  this  way.  Accord- 
ing to  the  statements  made  there  was  at  one  time  considerable  nuisance 
from  the  sewage  irrigation.  The  ditches  were  not  kept  clean,  and  under 
the  hot  sun  of  southern  California  they  gave  forth  a  strong  odor.  The 
objection  was  also  made  that  sewage  irrigation  was  detrimental  to  the 
health  of  the  community,  but  so  far  as  can  be  learned  no  facts  have 
ever  been  produced  to  support  this  objection. 

The  sewage  has  been  mostly  used  in  growing  vegetables  for  the  Los 
Angeles  market,  and,  according  to  the  statements  made,  its  commercial 
value  for  such  purpose  has  been  considerable. 

As  the  result  of  several  years'  discussion  the  city  of  Los  Angeles  has 
recently  constructed  a  main  outfall  sewer  leading  to  the  Pacific  Ocean, 
along  the  line  of  which  numerous  valves  have  been  placed,  as  is  done 
at  other  places  where  successful  sewage  irrigation  has  been  practiced, 
not  only  for  drawing  off  the  sewage  for  use  in  agriculture,  but  for  re- 
stricting its  use  to  such  times  as  it  may  be  needed. 

The  soil  for  a  considerable  portion  of  the  distance  along  the  main 
sewer  is  light  and  sandy  and  especially  adapted  to  successful  sewage 
purification,  and  it  is  believed  that  a  considerable  use  of  sewage  for 
this  purpose  will  be  developed  soon. 

In  1895  and  1896  a  total  area  of  about  1,550  acres  was  irrigated 
along  the  line  of  the  new  outfall  sewer,  the  amount  of  sewage  used 
upon  this  acreage  varjdng  from  8  to  10  cubic  feet  per  second.  An 
area  of  800  acres  near  the  city  is  mainly  devoted  to  raising  vegetables. 
The  balance  was  planted  in  corn  and  other  fall  crops,  among  which 
were  about  100  acres  in  potatoes  and  cabbage.  According  to  the 
reports  of  the  city  engineer  for  the  years  1895  and  1896,  the  following 
revenue  was  realized  from  the  sale  of  sewage: 

Bevenue  realized  from  the  sale  of  sewage  at  Los  Angeles,  California,  in  1895  and  1896, 

1895. 

Receipts  from  the  sale  of  sewage $3, 278. 00 

Maintenance : 

Salary  of  snperintendeut $1,000.00 

Assistance  and  labor 625.47 

Repairs,  etc 512.50 

2,137.97 

Net  revenue 1,140.03 

1896. 

Receipts  from  sale  of  sewage $4, 009. 60 

Maintenance : 

Salary  of  snperin  ten  dent $1, 200. 00 

Assistance  and  labor 1, 675. 40 

Repairs,  eto ^84.%;^ 

Netrerenae ^ ^1^.^ 
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In  1S83  the  city  of  l«s  Aogeles  entered  into  contract  with  tbeSoath 
Side  IrrigatioQ  ComiKiny,  obligmting  itoelf  lo  give  to  eaiti  company  iD 
the  seva^  dowing  tlirvitigh  the  San  Pudro  street  sewer,  -amounting  to 
aboot  3.58  cubic  fevt  per  ^«vuiid.  In  October,  189>3,  a  setwiic)  contract 
was  made  witb  th«  same  <%m[Miny,  wbereby  tbe  dty  agreed  to  ddivet 
until  tlie  expiration  of  tJie  fonner  oitiitmct  an  additional  qoantity  of 
2.30  cubic  feet  per  secoiMl,  or  a  total  until  1903  of  a  little  less  tbanf 
cnbic  feet  per  »ecoud.  In  consideration  of  tbe  I>kst  amount  theoon- 
pany  bas  laid  a  :.'4-iiicb  c«meut  pipe,  0,00(1  feet  of  whicb  lies  within  the 
city  limits  and  which  will  become  the  property  of  the  city  in  1903. 
Tbe  company  aliw  has  the  right  to  u^  an  additional  qaantity  of  sew- 
age by  paying  the  prevailing  price  for  it,  whicb  during  the  height  of 
the  irrigation  season,  in  Ajiril  and  May,  has  been  placed  at  98  jxr 
twenty-tbor  bonrs  for  2  cubic  feet  i>er  second.  Tbe  rate  is  alao  made 
$0  for  a  day  ran  of  twelve  hours  and  #>i  for  a  night  run,  to  suit  tbe 
oonveuience  of  the  irrigators. 

The  sewage  now  controlled  by  the  South  Side  Irrigation  Company  is 
mainly  used  for  irrigating  abont  2,1100  acres  of  land  devoted  to  vegetable 
gu'deniug.  Tbe  sewage  in  distributed  throughout  the  land  irrigated 
by  ordinary  open-earth  dit':hes.  Thl.t  land  now  pays  an  annual  rental 
of  #12  per  acre  for  river-water  irrigation  and  $18  per  acre  for  sewage 
irrigation,  or  $ti  per  acre  in  favor  of  the  sewage. 

On  sandy  soil  with  good  »nbdraniage  the  Sonth-Side  Irrigation  Com- 
pany DOW  irrigate  daccessfutly  during  tbe  whole  year.  Experience  has 
shown  that  wht-n  not  actually  neeiling  the  sewage  for  irrigation  it  is 
better  to  liood  the  land  than  to  permit  tbe  sewage  to  go  to  waMte.' 

Pasadena, — Population  in  1890,  -1,882.  Sewers  were  conatmcted  from 
1887  to  1891,  and  a  city  sewage  farm  was  brought  into  operation  in 
1893.  Itfi  soil  is  a  light  sandy  loam,  with  good  natural  drainage,  and 
includes  at  the  present  time  an  area  of  800  acres.  The  flow  of  sewage 
is  estimated  at  about  3  cubic  feet  per  second.  According  to  statements 
of  Mr.  Burr  Bassell,  of  the  300  acres  mtnally  owned  by  tbe  city,  140 
are  used  for  raising  grain  and  have  never  been  irrigated.  Sewage  bu 
been  used  upon  the  remnining  cultivateil  area  as  follows:  Walnut 
orchard  (4  years  old),  tiO  acres;  alfalfa,  25  acres;  com,  25  acree;  vege- 


'In  ■  p«per  bj  Mr.  Murr  BhimwIL dfpoty  city  snginrtr  of  I.o»  Angelen.  on  tlio  OpenUan  oftti 
Lot  AnGrl»  aatfull  wwrr  sod  aeni^  inigition,  vbJch  nppMri'd  Id  Ibe  Journal  of  the  Atrwirt™ 
or  BiisiD>'»rliiH  SoeifliM  ror  AagaiX.  IgOT.  lawtf  uldilioni!  inter«!-tlDg  detslla  tna;  bo  foaod.  In  Iki 
dlscnulon  of  Ur.  Bntr  Bauell  ■  gisper,  Juuea  D.  Srhoj-ler,  a  InuUng  Ciltrumia  Irriguton  Hi^atK. 
polatfll  oot  Ctail.  in  rtew  of  tbe  compiciiou*  iuct-KM  »c!ilpv«l  In  •ew»gi>  tanning  ibmiil.  the  polic;  ■( 
BODitnictiiig  iin  duI&I]  Hwer  to  tbe  'ir»ui  mint  ba  ngardMl  u  (lanftlonable,  porlloulirl;  In  •oatfcfln 
Califonitt,  wkan  tlie  (oil  lUirl  elimHtif  cundliioDB  u?  nil  sitrvmel^  fuvorsble  rorBaoDMofsl  tmv 
bnning.  Mr.  Scbujler  aipre«»d  Ibo  bapcthatlotlivriitDrB  groirtb  at  Lna  Aoe'lei.  wbealhen^ 
Uy  ortbepnMDtootfill  bu  been  mcbtd. eitoiuloD  af  tbe  ■.numi  iraDld  bo  nude  in  thcUsoof  aUt 
lutlno  by  lirigatlon  and  the  Mtubllahmeiit  of  a  oit;  evnage  Iita  nther  tbin  Id  tba  dopUeatlntr 
Uieprsaoat  Kwar  to  tboooaan.  Mr.  S«ho;lsr  gave  a  large  amoont  of  Talnable  InformatioD  wlstk 
annparallve  coat  of  riror  vater  and  aeKigi-  irTl;^tlan  In  the  violnit;  of  Loo  Angelea. 

In  oddltton  to  Ur.  BoMH-lVe  paper,  refer  to  Report  of  a  board  of  paginems  upon  the  disposa]  uf  1b» 
trtfit  of  Lou  Aagelm.  elo..  ItSft,  Eng.  llBva,^<>l.X£lX.  EebnttCj  ^  ^i"^.  and  Sewage  Dispoul  ii 
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tables,  potatoes,  etc.,  50  acres.  The  farm  is  self-sastaining,  cost  for 
maintenance  and  revenue  being  each  aboat  $2,500  per  annam. 

The  experience  at  Los  Angeles  and  Pasadena  seems  to  be  conclusive 
that  there  is  no  valid  objection  to  the  use  of  sewage  for  the  irrigation 
and  growth  of  all  kinds  of  agricnltural  products.  It  is  apparently  a 
question  merely  of  proper  ai)plication.  As  showing  the  immense 
advantage  of  sewage  disposal  in  the  vicinity  of  Pasadena,  it  may  be 
mentioned  that  bare  land  is  worth  at  least  $100  an  acre  without  water, 
while  watered  land  is  held  at  about  $600  an  acre.  The  Pasadena  sew- 
age farm  originally  cost  $125  an  acre,  or  a  total,  including  some  extra 
expenses,  of  about  $40,000.^ 

Bedding. — Population  in  1890,  1,821.  A  separate  se\{erage  system 
was  built  by  the  town  in  1889.  Bassett  &  Rouhey,  of  Sacramento,  the 
contractors  for  the  sewage  work,  entered  into  an  agreement  to  dispose 
of  the  sewage  for  forty  years.  For  this  purpose  they  purchased  a 
tract  of  about  100  acres  of  land  and  prepared  a  portion  of  it  for  the  utili- 
zation of  sewage  by  irrigation.  The  area  selected  is  comparatively 
level,  with  the  soil  a  sandy  and  gravelly  loam  4  to  6  feet  deep,  under- 
lain by  gravel.  The  sewage  is  applied  directly  to  the  land,  either  by 
running  in  furrows  between  rows  or  by  spreading  over  the  surface, 
according  to  the  special  requirements  of  each  crop.  The  chief  crops 
raised  are  com,  asparagus,  potatoes,  turnips,  beets,  and  other  garden 
truck.  It  has  also  been  used  for  orchards  and  nursery  stock.  When 
used  in  this  manner  the  trees  were  irrigated  between  the  rows.^ 

San  Luis  Obispo. — Population  in  1890,  2,995.  Plans  for  sewage  dis- 
posal by  broad  irrigation  and  intermittent  filtration  were  prepared 
about  1888.  No  information  is  at  hand  as  to  whether  or  not  they  have 
been  carried  out^ 

Santa  Rosa. — Population  in  1890, 5,220.  Coinphiiuts  of  the  pollution 
of  the  creek  into  which  the  sewage  of  the  town  was  originally  dis- 
charged, followed  by  a  lawsuit,  led  to  the  purchase  by  the  city  of  18  or 
19  acres  of  land  on  which  the  sewage  has  been  purified  since  about 
1889.  The  farm  is  leased  to  tenants,  who  take  care  of  the  sewage  as 
rental,  using  it  for  gardening  purposes. 

Stockton. — Population  in  1890,  14,224.  The  sewage  of  this  place  is 
stated  to  be  used  for  irrigating  purposes,  but  to  what  extent  is 
not  known. 

DOMINION  OF  CANADA. 

Berlin. — Berlin  is  the  county  seat  of  Waterloo  County,  and  according 
to  the  census  of  1891  had  a  population  of  7,425.  The  chief  industries 
of  the  town  are  manufacturing  establishments,  among  which  are 
included  a  large  tannery  and  a  glue  factory.    A  public  water  supply 

>  Refer  to  Burr  Bassell's  paper  in  Jour,  of  Assoc,  of  Eng.  Socs.,  Vol.  XIX,  Aagost,  1897;  and  to 
Sewage  Disposal  in  the  United  States. 
'  Refer  to  Sevra^e  DiapoBal  in  the  United  Statea. 
'Refer  to  Colonel  Wuring'B  SeweiOkge  and  Land  Drainage,  1880.  * 
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was  built  iu  1888.  Conistrnction  of  sewers  began  in  18tt2,  and  in  March, 
1$93,  tbe  actual  qaautity  of  sewa^'e  was  about  50,000  gallons  per 
day,  diluted  by  some  75,000  {gallons  of  subsoil  water,  making  a  total  of 
125,000  gallons  iu  all.  A  sewage  farm  was  eompleted  in  tbe  fall  of  1392 
and  first  brought  into  use  iu  1893.  In  January,  1893,  tbe  t«aiperatare 
of  tfao  sewage  as  it  arrived  at  tlie  farm  was  foand  to  be  iS°  F.  The 
fiiriD  is  loi.'ateii  a  luilo  Boutb  of  tbe  closely  built-up  section  of  tbe  towa. 
A  stream,  witb  a  summer  flow  of  about  200  cubic  ftHit  per  minute, 
passes  tlirough  tbe  farm  and  receives  tbe  etflueut. 

The  field  purcbased  by  tbe  town  for  sewage-disposal  purposes  basao 
area  of  20  acres,  about  »n  acre  of  which  is  include^I  iu  the  stream. 
The  total  area  aside  from  t)ie  stream  can  easily  be  used  for  sewage 
farming  by  slight  giadiug,  as  the  greatest  elevation  is  only  3  feet  above 
tbe  end  of  the  outfall  sewer.  The  surface  soil  is  loam  or  sand,  and  tbe 
subsoil  is  of  gravelly  clay. 

Thedesigninp  engineer  recommended  that  Italian  rye  grass  be  raised 
on  the  two  north  divisions  of  tbe  farm,  and  on  the  remainder mano^olds 
and  other  root  crops,  onions,  oats,  and  clover.  On  the  lowlands  bor 
dering  the  stream  it  is'proposed  to  raise  osiers,  tbey  having  been  raised 
with  profit  in  Brautford,  where  depeuduuce  is  had  upon  tbe  freshets  of 
tbe  Grand  lEiver  for  irrigation.  It  is  stated  that  tbe  farm  is  suitably  | 
arranged  lor  every  known  system  of  irrigation  and  every  variety  of  I 
crops.  This  farm  is  iuterestiug  fi'om  tbe  fact  that,  a«  at  tbe  Croydeu-  ' 
Beddiugton  farm,  no  settling  tank  has  been  ])rovided,  preference  being 
given  to  the  application  of  the  solid  matter  directly  to  the  land,  where 
it  can  be  dug  in  or  raked  off,  as  may  be  fouud  most  desirable.  When 
in  the  course  of  time  the  amount  of  sewage  has  increased  so  that  it 
exceeds  the  capacity  of  the  farin  for  disi>osal  by  broad  irrigation,  it  is 
proposed  to  construct  filter  areas  at  the  south  end,  where  gravel  may 
bo  obtained  within  reasonable  distance.  The  20  acres  purchased  cost 
$2,000,  and  the  cost  of  grading  and  itnderdraiuing  tbe  7  acres  already 
prepared  was  about  $3,000,  tbe  uuderdraiuiug  and  grading  having  con 
at  this  rate  a  little  over  $400  per  acre. 

The  results  of  cropping  at  Berlin  are  stated  to  have  been  Bnbstan- 
tially  as  follows :  In  1894,  2,000  cabbage  plants  were  set  on  about  one- 
half  an  acre  of  land,  of  which  1,500  grew  to  marketable  heads  and  wen 
sold  at  the  usual  market  price  of  3  cents  each.  The  cabbages  were 
irrigated  regularly  and  grew  well.  TSo  attempt  was  made  to  hoe  around 
them  or  bill  them  up,  the  surface  of  the  ground  being  left  eutiiriy 
smooth. 

The  cultivation  of  Italian  rye  grass  at  Berlin  does  not  seem  to  have 
been  successtiil.  Tbe  rye-grass  seed  was  sown  broadcast  and  booh 
came  up,  covering  the  ground  with  a  mass  of  roots  which  are  Btat«d  to 
have  very  mnch  retarded  tbe  absorption  of  sewage.  This  expeiimoit 
was  made  on  a  filter  bed  iu  a  manner  quite  different  from  the  ordinary 
practice  of  rye-graaa  cropping  abroad..    K  cX»ai  fii&iivtoj  -^  ■yiig.  tjrial 
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appears  to  have  been  an  improper  preparation  of  the  land,  depressions 
being  left  into  which  the  sewage  settled  and  which  soon  became  foal. 
Abroad,  on  the  contrary,  this  crop  is  not  raised  on  beds  at  all,  bat  on 
land  80  prepared  as  to  avoid  pondage  of  the  sewage;  besides  this,  the 
amount  of  sewage  applied  is  regulated  to  the  necessities  of  the  crop 
and  to  the  qnality  of  the  land,  whereas  at  Berlin,  so  far  as  can  be 
learned,  the  sewage  application  was  made  without  special  reference  to 
the  conditions.  Under  these  circamstances  the  failure  at  Berlin  can 
apparently  have  no  other  significance  than  to  illustrate  an  erroneous 
method  of  procedure. 

In  1895  a  large  area  was  devoted  to  cabbage,  but  by  reason  of  a  late  * 
frost  many  of  the  plants  were  killed.  Later  the  cabbages  were  reset 
and  the  seeds  of  onions,  carrots,  mangolds,  corn,  and  beans  were  planted. 
These  crops  are  stated  to  have  all  done  well  except  the  com  and  beans. 
The  following  is  a  detailed  statement  of  the  sale  of  produce  from  the 
Berlin  farm  in  1895,  as  compiled  from  the  proceedings  of  the  committee 
of  the  town  council  in  charge  of  the  farm : 

AngQBt,  1,217  heads  cabbage,  at  2^  cents $80 

September,  1,771  heads  cabbage,  at  2^  cents 44 

October,  2,272  heads  cabbage,  at  2^  cents 57 

October,  134  bushels  carrots,  at  15  cents 20 

October,  648  bushels  carrots,  at  15  cents 97 

Com  (failure) 7 

Pease  (not  irrigated  to  any  extent) 15 

NoYember,  1,350  heads  cabbage,  at  2^  cents 34 

Total 1 304 

In  addition  to  the  foregoing,  150  kegs  of  sauerkraut,  of  50  pounds 
each,  were  made  from  cabbage  not  sold  in  the  head.  These  were  held 
at  $3  per  keg. 

The  mangolds  yielded  648  bushels  from  one-half  an  acre,  giving  at 
this  rate  the  enormous  yield  of  1,296  bushels  per  acre.  Those  raised 
were  easily  sold  to  farmers  for  feeding  stock.  The  experience,  so  far 
as  gained  at  Berlin,  indicates  that  mangolds  will  stand  very  heavy 
dosing  of  sewage.* 

In  1896,  complaints  having  been  made  by  the  local  board  of  health 
of  Waterloo  Township  to  the  effect  that  the  sewage  of  Berlin  was 
creating  a  nuisance  in  Berlin  Creek,  the  matter  was  investigated  by  a 
committee  of  the  board,  which  reported  in  effect  that  the  farm  had 
been  managed  on  more  economical  lines  than  was  desirable,  such  mis- 
placed economy  being  the  chief  cause  of  the  nuisance  complained  of; 
From  this  point  of  view  the  committee  of  the  Provincial  board  sug- 
gested that  the  town  council  and  local  board  of  health  of  Berlin  be 
instructed  to  adopt  sufficient  and  adequate  means  whereby  the  whole 
sewage  of  the  town  could  be  applied  on  the  beds  in  succession  and 
completely  purified  before  flowing  to  the  creek.    After  making  several 

>  Refer  to  Bag.  NewB,  Vol.  XXIX,  April  6, 1893,  and  VoL  XXXV,  Juii«  1VASSM\  «sA\a^&sV^*'^^'^  * 
BtL  Health,  1896. 
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other  reoommemlations  the  comniittee  concluded  its  report  wilh  tb« 
Btatemeiit  that  the  fami  could  he  made  productive  without  ihert-  beiag 
auy  reasonable  ground  for  complaint. 

Hamilton, — Purification  works  by  chemical  precit>itatiou  Lave  been 
approved  for  this  place  by  the  Provincial  Board  of  Health.  In  order  to 
insure  efficient  operation,  a  committee  of  the  Provincial  board  which 
examined  the  plaus  in  October,  ISffii,  reported  that  in  it.'*  opinion  the 
manageineiit  of  the  works,  when  constructed,  should  be  left  to  the  care 
and  supervision  of  the  city  engineer,  who  should  also  be  made  respousi- 
'  ble  for  the  siibordiuat'e  engineer  iu  charge.  The  committee  believed 
that  with  such  management  an  eiHuetit  can  be  poured  into  Hamilton 
Bay  of  a  purity  compatible  with  the  best  interests  of  the  public  health. 
Tile  works  are  under  conatrnction  at  the  present  time, 

London. — It  is  understood  that  plans  for  sewage  disposal  by  inter- 
mitteiit  flltration  are  about  to  be  carrietl  out  at  this  place.  The  land 
selected  for  the  disposal  fields  is  sandy  and  stated  to  be  well  adapl«d 
for  the  purpose. 

Lo'ndon  Hospital. — The  works  at  Ijoudou  Hospital  were  constructed 
in  188S  and  1889  under  the  general  direction  of  the  architect  in  chief  of 
the  Ontario  department  of  public  works. 

Previous  to  the  construction  of  the  disposal  works  the  sewage  thnu 
the  hospital  debouched  into  a  small  stream  tribatary  to  the  south 
branch  of  the  Thames  River,  which  Hows  through  the  city  of  London. 
The  drainage  area  of  this  stream  is  so  small  that  it  becomes  nearly  drf 
during  the  sumnior.  The  population  of  the  hospital  is  over  1,000,  aod 
the  daily  amount  of  sewage  00,000  galions.  It  became  necessanr, 
therefore,  that  some  method  of  disposiil  be  used  other  than  of  allowing 
the  flow  of  raw  aewnge  into  the  brook.  The  plan  as  carried  oat 
involves  the  flow  of  sewage  into  a  receiving  tank,  from  which  it  ii 
pumped,  as  required,  onto  the  disposal  area  of  30  acres,  situated  not  for 
away.  The  general  method  is  intermittent  filtration,  supplemented  bf 
broad  irrigation.  For  this  purpose  an  area  of  about  5  acres  at  the  high- 
est portion  of  the  disposal  area  was  leveled  and  laid  out  in  absorptios 
ditohes.  The  balauL'cof  the  field  has  been  provided  with  a  uiaincarriet 
and  distribution  ditches,  for  use  as  an  irrigation  area  whenever  the 
SltratioD  area  is  overworked  or  whenever  during  the  growing  seaeon 
the  sewage  can  be  profitably  utilized  thereon  for  crops. 

The  flltration  area  is  divided  into  three  sections,  onto  each  of  which 
the  sewage  is  runfor  one  day,  thereby  giving  two  days'  rest  for  a  section 
after  each  application.  The  details  of  this  work  may  be  fouud  in  vari- 
ous publications  iu  reganl  to  sewage  disi>osaI. 

Ontario  Agricultural  GoUe!tt:—Se<Ka,gc  pnrification  by  treatment  with 
porous  carbon  supplemented  by  flltintion  through  land  was  carried  out 
at  this  institution  in  1889.  The  daily  amount  of  sewape  averages  3,000 
irallons.  On  its  way  to  the  «ettliu{;  tiink  it  receive.i  about  12  poumis 
offerozone  precipitant  daily,  aud  \a  a\\o"«eA.  to  s^XXX^  fe^  ^^««&:j-<<»u 
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hoars.  The  effluent  is  discharged  on  the  filtering  groand,  which  con- 
sists of  a  flat  bed  of  gravel,  clay,  and  loam,  100  by  75  feet  in  area, 
divided  into  two  beds,  each  of  which  receives  on  alternate  days  the 
sewage  for  twenty-four  hoars.  These  beds  are  underdrained  with  tile 
drains,  laid  to  a  depth  of  from  2^  to  3  feet. 

Waterloo. — Waterloo  is  located  2  miles  soath  of  Berlin,  the  town 
described  previously,  with  which  it  is  connepted  by  a  tramway.  The 
population  in  1891  was  2,941.  Sewage-disposal  works  by  intermittent 
filtration  were  constructed  at  this  place  in  1895.  For  the  final  works 
provision  has  been  made  for  ten  filter  areas.  The  soil  is  sand  and  gravel. 
Each  bed  is  132  by  200  feet,  giving  an  area  of  20,400  square  feet  per 
bed.  This  area  also  includes  the  embankments,  so  that  the  actual  puri- 
fication area  is  somewhat  less.  As  at  Berlin,  the  sewage  will  be  deliv- 
ered upon  the  land  without  a  preliminary  screening  out  of  the  solid 
matters,  the  experience  so  far  gained  at  the  neighboring  town  of  Berlin 
having  indicated  that  there  is  little  or  no  necessity  for  screening.  Up 
to  April,  1896,  the  total  expenditure  was  about  $2,000.  The  cost  of 
the  land  is  stated  at  about  $80  per  acre. 

Goncluding  the  foregoing  account  of  sewage-disposal  plants  in  the 
United  States  and  Canada,  we  wish  to  state  again  that  in  such  extreme 
condensation  as  is  needful  in  a  paper  of  this  kind  many  important 
details  are  necessarily  omitted.  Complete  descriptions  of  these  works 
would  require  several  hundred  pages. 

rUBIilCATIONS  REIiATING  TO  SEWAGE  UTII.IZATION  ANT> 

DISPOSAL. 

The  following  books,  pamphlets,  reports,  etc.,  are  in  the  author's 
collection  and  have  been  consulted  frequently  in  discussing  questions 
of  sewage  utilization  and  disposal.  There  is  no  pretense  to  complete- 
ness in  this  list,  including,  as  it  does,  only  such  as  have  been  brought 
together  without  special  eflfort.  The  books  here  included  are  a  fairly 
good  beginning  for  a  library  of  sewage  utilization  and  disposal  and 
some  of  the  more  important  cognate  questions. 

Ad&mi  (Jalins  W.).    Sewers  and  drains  in  popaloas  districts.    8vo.    New  York,  1880. 
Contains  short  chapter  on  sewage  disposal. 

Ameziosn  PnUio  Health  Association,  Proceedings  of. 
American  Society  of  Civil  Engineers,  Transactions  of. 
Association  of  Engineering  Societies,  Journal  of. 

Association  of  Knnicipal  and  Sanitary  Engineers  and  Bnrveyon,  Proceedings  of.    Vols. 
I-XXI. 

Contain  a  large  namber  of  valaable  practical  papers  on  sewerage,  sewage  disposal,  and 
rirer  pollution  in  England,  as  prepared  by  the  engineers  uf  the  varioas  works.  Many  of 
these  papers  are  indispensable  to  anyone  who  wishes  to  stady  the  question  ftom  a  practiciU 
point  of  view. 

Austin  (Henry).    Report  on  the  means  of  deodorizing  and  utilizing  the  sewage  of 

towns.    Paper;  Svo.    London,  1857. 

Discusses  a  large  number  of  the  more  important  questions  in  sewage  uUliBaiiou  in  «acK  «k 
wMjr  aatobe  of  great  valae  to  the  student  of  the  preMiit  day. 
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B«Dklim*a  (BenJamiD).  Ad  aocoaot  of  Lierotir's  iewerftge  syaWin  in  it*  pnMot  iWt 
uf  dovelopm BE t  baaed  u[>on  pereonal  iui]iiiry.  By  the  chairuum  of  ttm  city  of 
Syilnfiy  Improvement  Boiird.     PiMn[jh!--,t ;  8vo.     London.  IiWT. 

Baker  (Hanry  B.).     Report  od  Iwat  method  of  ilisposillon  of  excreta  and  waste 
ters,  at  Harbor  Point,  Miclii;;aii. 

Bakar  (M.  N.).     Sewage  parificatioii  Id  Ajnerics.     Paper;  12ma.     yew  Yort.  1891 

Bakar  (M.  N.)-    Sewerage  and  sewage  pariliratiou.     16mo.     New  York,  1696. 

Basmeiilsr  [R.).  Tlie  eleaning  and  sewerage  u(  cities — Mtwerage,  aewage  dinpuul. 
street  cleaning.     Tranalatiou ;  8vo.     New  York,  1891. 

A  conclae  alaUmeDt  oF  the  Germui  views  an  M«»nige,  lewn^dlapiKml.  and  irtniFtobi 

npld  of  lie  (iermiD  vicn  withouC  rewIiDg  ■  latgv  nambei  of  worlu.     A*  mntflled  in  Ui 
liiIrodaolloR.  prepared  liy  Rnilnlpfi  Hi^iinj;,  (he  Aoieiican  ruder  ahould  rumFniber  Ihu 
viirk  ww>  ]in<]isnd  primwlly  for  <ieniiui  eoglsiMrs  uid  for  the  wadlttaiu  pnvaluii  U 

Birmingbam  Mwage  inquiry.    8vo.     Binaingbam  and  London,  1871. 

ThiA  report  containR  a  vtry  thorough  ravLev  ot  lewago  parlflutlon  aa  it  eiiatad  in  UTl. 
ta|;ether  wilh  deaorlptlOD  md  cota  at  the  pall  ayitem  aa  uihI  Id  LiVBrpooI.  UuctxaM, 
Rochdale  BlrDiingbuu,  st«.  Thl^  reader  ahoald  ronicinber,  howerer.  In  niadliiE  Iki 
rnpaFls.  that  many  cl  tlie  appliancea  ahicsli  an  illaslratoil  lisia  Ixwn  imjiTaTiid  wlihta  r 
dates,  lud  t  hat  tha  statemautauiid  lllualratlouB  olb  only  he  uCbI;  ukeo  aflerone  luaoblaM 
full  liEowIedgB  of  tho  iubjwil  and  conHeqaoot  power  of  aelectloii. 

Birmingluun  lyitem  of  refuM  diipowL     Printed  by  order  of  tlie  BirmiagbiUD  Health 

Committee.     Pamphlet;  8vo.     Bilm.iDgli&m,  18B3. 
Blytlte  (A.  Wynter).    A  manual  of  public  Iiealtli.    8to.     London,  1890. 
Blythe  (A.  Wynter).     Lectnres  on  sanitary  law.     Svo.     London.  1693. 

CaDUIni>  twDlTS  lacturM  on  eanllir)'  Uw  delivered  hy  the  uiilliur  ut  tbH  CuUege  of  lU 
SB  part  uf  the  naiul  mumu  of  InatTuotlim  in  aanltary  aolenoe.  Examiilea  of  bj-lawa  ni 
lo  offentive  tradca,  the  law  nUtioH  to  adalteratiaD,  etc,  are  giTBU  In  the  appandlE. 

Boston  main  drainage  votTa.    Svo.    Boater),  1885. 

CoDtiuoB  a  full  aoioQDt  nf  the  coQBtruction  of  tho  main  drainags  worlta  of  the  ciiy  uf  BailN, 

BBwage  hy  diachargu  at  hkgh  ifdu  lato  the  watcra  uf  the  loiret  harbor- 

Bonluoii  (H.  Percy).     Municipal  and  sanitary  engineer's  handl)ook.     8vo.     LondOB, 


n  (P.  W.),     Utilization  of  town  refuse  at  Rocbdale.     Reprint  from  tbo  Jeu- 
nal  of  Society  of  Chemical  Indiiutry,  April :«),  1895.     lJ>ndon,  1896. 
Book.    Treatise  on  hygit^ne  and  pablic  bealtli.     2  vols.    8*o.     New  York,  1879. 
Burke  (N.  R.).    A  handbook  of  sewiiee  ntilizution.    12mo.    Lonrloa,  18T2. 
Bun  (K.  Scott).    Outlines  of  modern  farming,     lithedition.      Ltmo.     London,  UB& 

Treata  exiflnalvely  among  other  inhjecta  of  the  uLUlaatlon  of  tou-D  auwa^a,  irrigatiaa.  Mi. 
CaUIt  (Robert  W.).     Lecttuoa  on  aewers.     Large  8vo.     London,  1686. 

CoDlaina  a  aariea  of  leotoiBS  oa  aewerg  aa  dellTored  bj  the  aathor.  at  Qraee  Ian,  In  i  am 

vas. 

Ohandler  (C.  P.).  Report  on  the  waters  of  the  Hndson  River,  made  to  the  water  am- 
miSHloners  in  the  city  of  Albany.     Papt^r;  8vo.     Maw  York,  1885. 

•apply  for  the  oity  of  AlbaDy. 

Cliieago  drainage  and  water  inpply.  Prelimioary  report  of  a  commisaion  conuating  of 
Rudolph  lltTiog,  Benezetto  Williams,  and  8amnel  G.  Artingstall.  Paper;  8tu 
CbiOiigo,  1887. 

Ollppart  ( John  H.).  Tho  principles  aud  practice  uf  liiud  drainage.  3d  edition.  12nHi. 
CmoiniMti,  ISSS. 
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OoBneetioat  State  Bona  of  Haalt^  1884  to  1896,  inolnsive. 

TlMse  reporto  cnntiiii  »  large  mmoaiit  of  origiiud  work  on  pc^ntkm  of  water  sapplks  mad 
stroam  pollntim  gesoraUy  as  perforaMd  under  the  direetion  of  the  State  board  of  health  dur- 
ing the  period  indlnded. 

Oooley  (Lyman  £.)•  The  Lakee  and  Gnlf  waterway  as  related  to  the  Chicago  sani- 
tary problem.    Paper;  laige  8vo.    Chieago. 

Coplin  (W.  M.  L.  and  Beyan  D.)-  A  mannal  of  practical  hygiene.  8vo.  Philadel- 
phia, 1893. 

Cozileld  (W.  H.).  The  treatment  and  utilization  of  sewage.  3d  edition,  revised  and 
enlarged  by  the  author  and  Loois  C.  Parks.    8vo.    London,  1887. 

In  this  work  the  qoeation  of  sewage  atUisation  is  examined  at  considerable  length,  and  many 
usefol  conclusions  are  reached.  * 

Ciimp  (W.  Santo).  Sewage  disposal  works.  A  guide  to  the  construction  of  works 
for  the  prevention  of  pollution  by  sewage  of  rivers  and  estuaries.  1st  edition. 
8vo.    London,  1890.    2d  edition.    London,  1894. 

Contains  descriptions  np  to  date  of  a  large  number  of  the  more  important  Bnglish  sewage 
disposal  works. 

Dempsey  (G.  D.).  Drainage  of  lands,  towns,  and  buildings.  Revised  edition  with 
large  additions  of  recent  practices  in  drainage  engineering,  by  D.  Kinnear  Clark. 
12mo.    London,  1890. 

Denton  (J.  Bailey).  Sanitary  works  and  sewage  utilization.  Paper;  8vo.  London, 
1869. 

Denton  (J.  Bailey).  Ten  years'  experience  in  works  of  intermittent  downward  filtra- 
tion.   8vo.    London. 

Dibdin  (W.  J.).  Report  of  exj^eriments  on  the  filtration  of  sewage  effluent  (from 
the  London  main  drainage  works)  during  the  years  1892-1895,  inclusive.  Paper; 
4to.    London,  1895. 

Engineering  Kewi.    From  1892  to  1897,  inclusive. 

This  Joomsl  contains  more  or  less  complete  descriptions  of  the  more  interesting  and  impor- 
tant of  the  American  works. 

Engineering  Secoxd. 

This  journal  has  pnbliahed  a  vast  amoont  of  information  in  regard  to  sewerage  and  sewage 
disposal  both  at  home  and  abroad,  and  in  1888  pnblished  an  index  to  matter  pertaining  to 
sewerage  and  sewage  disposal  which  had  appeared  in  Vols.  V  to  XVII  (December,  1881-June, 
1888).  There  has  also  appeared  a  large  amount  of  matter  in  the  volnmes  from  XVIII  to 
XXXIV  (the  carrent  volnme). 

Framingham,  Mawachnsetts.  System  of  sewage  disposal.  A  report  of  a  committee  on 
drainage  and  sewerage  and  construction  of  a  sewerage  system.  Statement  in 
detail  of  cost  of  construction,  plans,  etc.    8vo.    South  Framingham,  1889. 

Frankland  (Percy  and  Mrs.  Percy).  Micro  organisms  in  water,  their  significance, 
identification,  and  removal.    8vo.    Louden,  1894. 

Contains  a  statement  of  the  relation  of  sewage-polluted  water  to  disease. 

French  (Henry  F.).  Farm  drainage.  The  principles,  practice,  and  methods  of  drain- 
ing land,  etc.    12mo.    New  York,  1884. 

Oerhardt  ( William  Paul ) .  The  disposal  of  sewage  at  isolated  country  houses.  Paper ; 
8vo.    Providence,  1890. 

Oerhardt  (William  Paul).    The  disposal  of  household  wastes.    16mo.    New  York,  1890. 

Oerhardt  (William  Paul).  Sanitary  engineering.  Reprint  from  the  Journal  of  the 
Franklin  Institute,  June-August,  1895.    Paper;  8vo.    Philadelphia,  1895. 

Oray  (Samuel  M.).     Proposed  plan  of  a  sewerage  system  for  the  disposal  of  the 

sewage  of  the  city  of  Providence.    Made  by  order  of  the  city  council  of  the  city 

of  Providence.    Paper;  8vo.    Providence,  1884. 

Contains  an  lUMsount  of  a  large  number  of  sewage  purification  plants  abroad  as  visited  by 
Mr.  Gray,  together  with  recommendations  for  the  partial  purification  of  sewage  of  Providence 
by  chemical  treatment,  followed  by  its  discharge  into  tide  water  at  a  point  where  it  could  not 
become  a  nuisance  along  the  adjacent  beaches. 
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Bnj  (Samadl  If.).    Report  showing  location  and  sisa  of  the  maininteroepttngi 
of  the  city  of  Providence  and  other  information  called  toft  hy  the  nonamm 
by  reeolntions  of  Tarions  dates  in  1886.    Paper;  8vo.    Proyidenee,  1888. 

Mffltbs  (A.  B.).    A  treatise  on  mannres.    12mo.    London,  1889. 

Han  (William  Hammond).    Irrigation  in  California.    2  toIb.    8to.    Saa  Fmmm^I 
1888, 1889.    A  report  on  irrigation  in  Califomia  as  made  by  the  State  eoflMft] 
A  good  toxt*boo1c  of  American  irrigation  practice. 

Hairis  (Joseph).    Talks  on  manures.    New  and  enlarged  edition.  .  12mo.    NewT«d, 

1888. 
Hawkshaw  (Sir  John).    Report  as  commissioner  appointed  to  inqnize  as  to  thftpvl- 

fication  pf  the  river  Clyde.    Paper;  4to.    London,  1876. 

Containa  information  aa  to  the  pollntion  of  the  river  Clyde  and  ita  Uilmtofiai  ai  tt^ 
exiated  in  1876. 

Haaen  (Allen).    Filtration  of  public  water  supplies.    8vo.    New  York,  1885. 
Containa  data  as  to  quality  of  Altering  material,  conatmetion  of  filtera,  etc 

Haien  (Allen).  A  practical  plan  for  sand  filtration  as  a  means  of  seenring  a  htllv 
water  supply  to  the  city  of  Philadelphia.  Report  to  the  Woman's  Hestth  Pm> 
tective  Association  of  Philadelphia.    Paper;  8yo.    10  pp.    1886. 

Health  in  country  hjmes.  The  disposal  of  sewage.  A  series  of  artioles  reprinted  tnm 
the  New  York  Evening  Post.    Paper;  8vo. 

Health  of  Towns  Ckmmussiim.  This  commission  made  two  reiM>rtB — ^the  firsts  1844,  piV 
lished  in  two  8vo.  vols. ;  the  second,  in  1845,  also  in  two  8to.  toIb. 

Theae  two  reporta  may  be  taken  aa  the  beginning  of  aanitary  acienee  in  ig«giMi^  and  in  tli 
ciTillxed  world  generally.  Theae  reporta  ahoold  be  atodied  by  any  peraon  wiahiag  to  ita^y 
the  whole  anbject  of  aewage  ntilitation,  by  way  of  showing  the  magnitude  of  tba  tiwH  wUd 
has  been  oombatted  and  greatly  mitigated  ainoe  1844. 

mi  (John  W.).    Sewage  disposal  and  water  supply.    A  paper  read  before  the  Ohio 

Society  of  Surveyors  and  Civil  Engineers,  January  18,  1893.     Reprinted  for 

private  circulation.     Paper;  8vo. 
ffill  (John  W.).    Water  supplies  for  eight  cities  in  relation  to  typhoid-fever  rates. 

An  address  before  the  Society  of  Municipal  Improvements,  Chicago,  October 9, 

1896.    Paper;  12mo.    8  pp.    Cincinnati,  1896. 
Hill  (John  W.).    The  hygiene  of  water.    A  lecture  delivered  before  the  Teachen' 

Institute,  Cincinnati,  Ohio,  September  11, 1896.    Reprint  i^m  the  Dietetic  sad 

Hygienic  Gazette,  October,  1896.    Paper;  small  4to.    10  pp.     1896. 
Hntohinson  (Christopher  Clarke).    On  the  disposal  of  sewage  sludge.    A  paper 

read  before  the  Society  of  Chemical  Industry,  February  4,  1884.     Paper;  Svo. 

London,  1884. 

Institation  of  Civil  Engineers,  Proceedings  of.    Vols.I-CXX.    8vo.    London,  1838-1896. 

Contain  a  large  amoant  of  information  on  river  pollution  and  sewage  deodoriiatlon,  filtn- 
tion,  interception,  irrigation,  mannro.  precipitation,  and  sewage  ntilization  generaUy.  Det^kd 
sntject  indexes  have  been  issued  from  Vols.  I-LVIII  and  from  Vols.  LIX-CXYIII,  to  which 
reference  may  be  made  for  nearly  every  phase  of  the  subject  as  disonsaed  in  Sni^and  for  the 
last  forty  to  fifty  years. 

Johnson  (Samuel  W.).  How  crops  feed.  A  treatise  on  the  atmosphere  and  the  soil 
as  related  to  the  growth  of  agricultural  plants.     12mo.    New  York,  1890. 

Johnson  (Samuel  W.).  How  crops  grow.  A  treatise  on  the  chemical  composition, 
structure,  and  life  of  the  plant.    12mo.    New  York,  1890. 

Jones  (Charles).    Refuse  destructors.     2d  edition.    8vo.    London,  1894. 

Contains  detailed  information  as  to  the  result  of  garbage  destruction  by  fire,  aa  well  as  a 
paper  on  the  utilization  of  town  r^use  for  power  pro<luction.  by  Thomas  Tomlinaon. 

Kiented  (Wyncoop).  A  discussion  of  the  prevailing  theories  and  practice  relating 
to  sewage  disposal.    12mo.    New  York,  1894. 

The  author  believes  that  the  rivers  of  the  country  are,  on  the  whole,  the  nataral  place  for 
dispoaing  of  sewage.  In  his  view  the  natural  forces  of  nitrification  will  punfy  the  aewage  in 
BtreuDB  fomewhat  the  aame  aa  on  land. 
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naett  (C.  T.)-    Katnre's  hygiene.    A  systematio  mannal  of  natural  hygiene.    4th 

edition.    8vo.    London,  1894. 
lepp  (Charles  Frederick).    The  sewage  question.    A  general  review  of  all  systems 

and  methods.    8vo.    London,  1867. 

EapeciAlly  devoted  to  showing  the  aaperiority  of  the  pneamatic  system  of  Gapt.  Charles 
Liemnr. 

liehling  (E.).  Report  on  the  proposed  trunk  sewer  for  the  east  side  of  the  city  of 
Rochester,  New  York.    Pamphlet;  8vo.    Rochester,  1889. 

Contains  a  r68ain6  of  the  varioaa  laethods  of  sewage  disposal  and  leans  to  the  conoliuion 
that  for  the  conditions  existing  in  Rochester  a  chemical  treatment  would  be  preferable. 

itham  (Baldwin).    Sanitary  engineering.    A  guide  to  the  construction  of  ^orks 
on  sewerage  and  house  drainage.    2d  edition.    8vo.    London,  1878. 
This  work  was  reprinted  by  Engineering  News  in  1877. 

iwes  (J.  Parry).     Reports  of  sewer  air  investigations,  as  made  to  the  London 

County  Council.    Paper.     London,  1894. 
fi<ft»*«T»  (Henry)  and  Beam  (William).    Examination  of  water  for  sanitation  and 

domestic  purposes.     12mo.     Philadelphia,  1889. 
ihmmnn  (K.  B.).     Methods  of  practical  hygiene.    2  vols.    8vo.     London,  1893. 
Translated  from  the  German  by  W.  CrookH . 

teal  Oovenmient  Board.    Reports  of  the  medical  officer. 

The  reports  of  the  medical  officer  of  the  privy  council  and  local  government  board  have  oon> 
tained  for  many  years  much  information  of  interent  and  value  relating  to  sewage  purification 
and  utilisation.  The  student  of  the  subject  will  flud  in  these  reports  a  vast  amount  of  impor« 
tant  matter.  In  the  supplement  to  the  report  of  the  medical  officer  for  1891  may  be  found  a 
study  of  enteric  fever  in  the  valley  of  the  river  Lee.  In  the  supplement  to  the  report  for 
1887  may  be  found  papers  giving  full  statistics  of  diarrhea  and  diphtheria  in  England.  The 
first  of  these  is  a  report  by  Dr.  Ballard  of  the  cause  of  the  mortality  from  diarrhea  which  is 
observed  principally  in  the  summer  seasons  of  the  year  iu  English  commonities,  and  the  sec- 
ond is  a  statistical  study  by  Dr.  Longstaffon  the  geographical  distribution  of  diphtheria  in 
England  and  Wales.  Dr.  Ballard's  statistical  inquiry  included  the  years  from  1880  to  1888, 
while  Dr.  Longstafll^s  included  the  twenty-six  years  ending  with  1880.  The  relation  of  these 
two  diseases  to  sanitary  conditions  is  set  forth  in  many  tables  and  diagrams  with  great 
clearness. 

owcook  (Richard  Sidney).  Experiments  on  the  filtration  of  sewage.  Excerpt  from 
Proceedings  Institution  Civil  Engineers,  Vol.  CXV.  Paper;  8vo.  London, 
1893. 

[ason  (William  P.).     Water  supply,  chemical  and  sanitary.    8vo.    New  York,  1896. 

Contains  an  excellent  statement  of  drinking  water  as  affected  by  sewage  pollution  in  its 
relations  to  disease. 

[asiaohnsetts  Drainage  Committion,  Report  of.    8vo.     Boston,  1886. 

This  commission  was  authorized  by  the  Massachusetts  legislature  to  consider  and  report 
systems  of  drainage  for  the  Mystic,  Blackstoue,  and  Cliarles  river  valleys.  In  1885  a  report 
of  great  value  was  submitted,  in  which  questions  of  stream  pollution  and  sewage  disposal  are 
discussed  at  length.  The  engineer  of  the  commission,  Elliot  C.  Clark,  also  submitted  a 
report  in  which  he  gave  the  details  of  the  problem  of  prevention  of  stream  pollution  and 
methods  of  sewage  purification  as  applied  to  the  river  valleys  named.  One  of  the  best  of  the 
early  American  reports. 

[aisaohnsetts  State  Board  of  Health,  Reports  of. 

"Bhis  splendid  series  of  sanitary  reports  now  includes  27  volumes  of  annual  reports  and  2 
special  reports  on  the  purification  uf  sewage  and  wat«r  aud  on  the  examination  of  water  sup- 
plies, besides  special  reports  on  the  sewerage  of  the  Mystic  and  Charles  river  valleys,  and  on 
the  Metropolitan  water  supply  of  Boston,  making  31  volumes  in  all.  These  are  indispensable 
to  any  person  who  desires  to  study  thoroughly  the  subject  of  sewage  purification  and  utilisa- 
tion in  the  United  States.  Stream  pollution,  sewerage,  aud  sewage  disposal  were  first  dis- 
cussed in  the  Fourth  Annual  Report,  and  have  been  discusse<l  in  some  phase  ever  since.  In 
the  Nineteenth  Annual  Report  may  be  found  the  preliminary  account  of  the  special  ex.^ci> 
meots  oa  iatennittent  Bltntion  carried  out  by  the  board  allj«WT«ixQe, 
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lIsailei(Wil1ii>m).  A  treatise  on  the  sanitary  mnnngoment  and  ntilixationof  m 

Large  8vci.     Lomlon,  lS*Si. 
Mstrapalitan  tewa^  diiohu^.     Iteport  of  Rnjal  ConuDUBioneni.     1  vole,  of  repoHi; 

minutoB  of  eviilcui.«:  appendixes,  uto.    Ito.     Loodon,  1884,  I8S5. 

Prefisiitii  titcrj  [iliue  of.jUMllou  ardiapmal  of  iwnge  or  London  k  Uolaled  tuelT 

Netrapolitan  wBt«T  npplj,  Report  of  Rojal  ('ommiaaioD  on.     6  toIs.     G«DeraI  report; 

mimitee  uf  evidc^nce;  append iies ;  iiiiIi^k;  plana,  etc.     4to.     London,  1893. 

The  mwit  rwwnt  and  -iWohItp  infonuiUoB  u  lo  polluUon  uf  fltnuan  mid  ll«  alheln 

Hitter  nupplf  of  llio  metropulin  «•  itpplisd  to  the  riTers  TIisdih  nod  Lw.  fivm  vbkktM 

■nppljr  Ih  drawn, 

lClei(Manlf).     Siloa,  ennilage,  and  ailage.     I2ido.     Kew  York,  1892. 

A  ])ractlu1  tnitiM  on  lb«  mnitnieliini  of  ulloi  uid  thp  praotlcal  warklngof  tb«iiNi«Btf 

Hilwankee,  Wiaooiuui.     Report  nf  the  ComnuaaioD  of  Engineera  uu  Ibe  callectionai 

final  dispoBsl  ol'  the  sewage  and  on  the  water  aopply  of  tbe  city  of  Milvaa^N 

Paper;  «»o.     Milwanhee,  1" 
Monnn  lEdwnrd).     The  advantage  of  a  separate  Bystem  of  drainage.     Paper;  Sta 

London,  1875. 
Monion  (Edward),     Metropotitau  sewage  and  what  to  do  with  it;  aachetne  uf  eewa|« 

disposal  for  the  inetro|>oUB  and  the  author's  srfaenie  of  drainage  for  the  lewtr 

ThamoB  Valley,  etc.,  the  wbule  beiug  u  cotnplete  syatem  of  sewage  claliliaatioa 

andpiirlfictttion.    Bvo.     Lomlon,  1  SKI. 
Koore  (E.  C.  S.).     Sanitary  engitipenng.     OceaaioDol  papers.  Royal  Kogincen'  In.-'ti- 

taw,  being  part  nf  the  profesHional  papers  of  the  Corpe  of  Royal  Enginrari, 

Vol.  XVIl.    Svo.     London.  1892. 

pond  ipeciaUy  for  tba  iiM  of  Ihr  Royal  Knginwrn. 

Kiutioe  (John  M.  H.).  Compoaition  and  niiinnhal  value  of  llltcred  prcaned  senaE'' 
slndge.  Repriot  trom  tbe  Jonmal  of  the  Society  of  Chemloal  Indiutry,  Janu- 
ary 29, 1885.     MancbeBter,  1885. 

Vational  Board  of  Hoaltli,  Report  for  1881. 

Thii  voliUDO  oontains  a  report  of  the  reiulta  of  an  eiamlnatioii  made  in  IMO  of  K-reni 
•ewerage  works  Id  Europe  by  Rndolpb  UeriUK.  Tbe  lofonnUian  given,  while  eitnnnli 
Ttlaableln  1880,  te  of  lewlnUreiitiia*,  byreuau  of  being  nurereoeDtly  eorered.  Hr.  Hertu 
glTM  a  literature  list  whiah  is  Mill  of  Talne. 

Bsw  loiMy  8Uta  Board  of  Health,  Vols.  I-XVIII. 

CoDtaiDfl  Informetlon  aH  to  sewage-dlflpoflal  worlce  ODdetream  pollatlaD  in  Hew  Jeraey. 
V«w  ToTk  Bute  Board  of  Health,  Reports  1  to  16. 

A  Urge  itiiannt  of  Infamiatian  u  to  sewage  diipoaal  and  gt 
theae  reporta,  together  with  the  detail  pLani  ef  aewage^ilepoi 
town*  In  New  York. 

Falmberg  (Albert).  A  treatise  on  public  health  and  it«  applications  in  different 
European  countries.  Translated  from  the  French.  Edited  by  Aftbnr  News- 
bolme.    8to.    London.  1693. 

ConCalDs  a  review  of  uoltary  admlnliitratloa  and  legislation  in  the  prinslpal  Knnqicu 

Parka  (Edward  A.).    A  mannal  of  practical  hygiene.     Edited  by  De  Chanmont,  with 
an  appendix,  giving  the  American  practice  in  matters  relating  to  hygiene,  pre- 
pared by  and  nnder  the  enpervision  of  Frederick  N.  Owen.     2  vola.     Large  Sro. 
New  York,  I8S4.     From  the  last  London  edition. 
Parkf  (Lonie  C.}-    Hygiene  and  public  health.     12n)0.     Philadelphia,  1889. 
Pnm^tnia  Stat*  Board  tf  Health,  VoIb.  I-X. 
CeettSn  many  general  diaonaaloiiB  oi 
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PhiladelpldA  Water  Department,  Annual  Reports  of  the  Chief  Engineer,  1888  to  1886, 
InclnaiTe. 

These  reports  oontftln  the  results  of  an  Investigation  as  to  the  pollution  of  the  watw  snpply 
of  the  city  of  Philadelphia  hy  sewage,  together  with  the  reports  on  additional  supplies  from 
unpolluted  or  nearly  unpolluted  sources,  with  methods  of  preventing  pollution,  etc.  They  may 
be  referred  to  for  much  valuable  information  on  the  general  question  of  pollution  of  streams 
and  its  attendant  evils. 

Fhilhiiok  (Edward  S.)>    American  sanitary  engineering.    8yo.    New  York,  1881. 

Fhilhxiek  (Edward  S.)*  The  disposal  of  sewage  in  snbnrban  residences.  Paper; 
12mo.    New  York,  1883. 

Flatt  (S.  Sidney).  Description  of  the  sewage-disposal  works  at  Roch  Mills,  Roch- 
dale, England.    Paper ;  12mo.    4  pp.    Rochdale,  1896. 

PoUntion  of  water  inpplies.  Report  of  a  committee  of  the  American  Public  Health 
Association.  Read  at  the  annual  meeting  at  Milwaukee,  November  20-23, 1888. 
Paper;  8vo.    Concord,  1889. 

Pnmneial  Board  of  Health  of  Ontario.    Reports  1-4. 

Omtain  information  as  to  sewage-disposal  works  and  stream  pollution  in  the  Dominion  of 
Canada. 

Bafter  (George  W.)  and  Baker  (M.  N.).    Sewage  disposal  in  the  United  States.    8yo. 

New  York,  1893. 

This  work  is  dedicated  to  the  health  and  prosperity  of  American  cities,  and  contains  descrip- 
tions and  references  to  practically  all  the  sewage-dlsponal  works  in  the  United  States  up  to  the 
summer  of  1893. 

Baneh  (John  H.).  The  sanitary  problems  of  Chicago,  past  and  present.  Reprint 
from  the  Second  Annnal  Report  of  the  Illinois  State  Board  of  Health.  Pax>er; 
8vo. 

Beeres  (R.  Harris).    Sewer  ventilation  and  sewage  treatment.    12mo.     London,  1889. 

Contains  desciiption  of  special  methods  of  chemical  treatment  and  ventilation  designed  by 
the  author. 

Biven  Foliation  Conmiisdon  (first  commission).    5  vols.    4to.    London,  1866, 1867. 

This  oommission  made  three  reports.  The  first  report  deals  generally  with  the  best  methods 
of  preventing  the  pollution  of  rivers,  with  special  reference  to  the  conditions  prevailing  at  thi^ 
time  on  the  river  Thames.  The  second  report  deals  with  the  river  Lee.  The  third  report 
deals  with  the  rivers  Ayr  and  Calder. 

BiTors  Foliation  Gonmiiiaon  (second  commission).  Report  of  the  commissioners 
appointed  in  1868  to  inquire  into  the  best  means  of  preventing  the  pollution  of 
rivers.    10  vols.    4to.    London,  1870,  1871,  1872,  1874. 

This  commission  made  six  reports  in  all.  The  first  report,  in  two  volumes,  treats  of  the 
pollution  of  the  basin  of  the  rivers  Mersey  and  Ribble  and  of  the  best  means  of  preventing 
pollution  therein.  The  second  report  is  tak^  up  with  a  description  of  the  A,  B,  C  process  of 
treating  sewage.  The  third  report,  in  two  volumes,  discusses  the  pollution  arising  Anom  the 
woolen  manufacture  and  processes  connected  therewith.  The  fourth  report  treats  of  the  pol- 
lution of  the  rivers  of  Scotland,  and  gives  special  consideration,  among  other  subjects,  to  the 
pollution  arising  from  paper-mill  wastes,  oto.  The  fifth  rei>ort,  in  two  volumes,  treats  of  the 
pollution  arising  from  mining  operations  and  metal  manufactures.  The  sixth  report,  in  one 
volume,  treats  of  the  general  subject  of  domestic  water  snpply  of  Great  Britain.  In  this 
report  Dr.  Edwin  Franklin,  the  chemist  member  of  the  commission,  has  here  worlted  out  in 
detail  the  method  of  water  analysis  which  he  designated  as  the  combustion  method.  A  large 
amount  of  information  about  water  supplies  from  cultivated  and  uncultivated  areas  and  the 
contamination  of  water  from  manured  and  unmanured,  cropped  and  uncropped  land  is  given, 
the  whole  forming  a  vast  body  of  sanitary  information  pertinent  to  present  conditions. 

Boyal  Sanitary  Gommiaiion,  Report  of.    Second  report.    4to.    London,  1871. 

Ck>ntains  a  history  of  the  English  sanitary  laws  up  to  that  date,  with  suggestions  for  new 
statute,  etc. 

Sanitaxy  Institate,  Transactions  of.    Vols.  I-XII. 

Ooataina  many  pnotioal  papers  on  sewerage  and  sewage  <!Abi^%i^.    %^o.  \A(ikAwDL. 
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Sswage  diipouJ.  Report  of  a  iM>miiiitt«f  appointed  by  the  president  of  tbe  local 
goverament  buard  to  iii^nire  into  tbe  several  modes  of  treatiog  tovm  towxgt. 
Paper;  6vo.     London,  1876, 

CublAlDB  muy  detHllB  of  •ewsra^e  work  i^rritMl  out  ia  fioglAnd  to  tbAl  date.  wlUi  i  lifp 
□nmlMir  ttfuiAlyvuft  of  n«  «Dd  filfluoDt  Mwagu  it  jtbTQraJ  aow^c  fumM.  In  Appcndii  So,  7 
in  ghta  a  lint  of  h  large  ounibfr  of  paL«nt4^  pror««nm  for  IrvatiDg  ftr««^  nod  privtwof 
anldcial  manurp  ttaenfroni, »  tak^D  out  frou.  betuwu  Ibt  yean  ISSS  and  1«TS  1d(Jilo<& 
Tlw  report  is  al*o  accompaiiied  bjr  a  fuliit  cf  plattA.  ^^inir  deCaiU  oC  a  nomber  of  tlw  ogn 
inMraatIng  •ewagc-dlapoaal  woika  of  tbat  dale. 

fcmgs  dfapoasi  st  Loi  Angelas,  Califbniis.  A  report  of  th«  bonrd  of  engineeis  npon  ttif 
disposal  ol'  tbe  sevrnge  of  Lob  AngrleH  city  mid  ita  Hewer  Hysteni,  preeenMit  to 
thi^  uiiiyor  and  toiiiiiioD  council  of  the  city  of  Los  Atijjelea,  December  23,  l£(9. 
Paper;  8vo.     1889. 

CoDtaion  tbe  prEllmiuao   iufornnkUon  at  to  »«iTagG  DlQliatiaD  at  Lm  Asgalnt. 

Benage  diipoul  at  the  LoDdtm,  Ontario,  Aiylam.     li<-]>OTt  of  the  Fcovincikl  Board  ilf 

H.'alth  of  Onti.rio.     Piiper;  "vo.    Toronto.  1890, 

Coutaina  the  report  uud  df^taildd  pbua  n^  flubuiltled  by  Cok.  Ueorge  E.  Waring,  jr- 

■ewags  diiposal  at  the  Bhodo  tiialid  Stale  inslitiilioiu.  Seventeenth  Annnal  Hepurlof 
the  liourd  of  littite  CharitieK  and  CorroctiouH  of  Rhode  Island,  1885.  Paper: 
8vo.    Providence,  1886. 

CoblaiJiv  tha  reporl  and  plaaaBOf  Rainui^]  M.  Gray  upoa  tbediipoaal  of  (be  »eviac^iif  U* 
Stale  iDiUtuIion*  at  Ciuiitun.  Khiidi- Island. 

Sewage  diiposa]  at  the  Boeliester,  HiimeMta,  State  Hoapiul  far  the  Iniane,  Sixth  Bieoniii 
Report  of  (be  TriislxeH  and  Oflicero  of  the  ^laUt  Ho«|)ital,  Roeheater,  Micuewte. 
8vo.     Minneapolis,  11<!W. 

r.'onUins  n-port  and  delBilsd  plunc  of  tlie  i.Qtillcation  worki  at  tbe  Roohealer  HoajiilaL 

Sowags  rarm  oampetitiDn  of  the  Boyal  Agriaoltiiral  Boeiaty  of  England.  Report  of  jadps 
Hppolnt'td  in  the  HMivage  farm  ouiupttitionB.      Ri.'|iriiit  from  the  joumsil  ot  llu 

Koynl  .^grjcnitiiv^l  .Society,     »y<>.     London.  1880. 

Sewage  of  the  Diairiot  ol  Colnmbia.     Report  by  Rndcilph  Herioft,  Samuel  M.  Gray,  and 

Frodoricit  P,  Stcunia.     Paper;  Svo.     Wnsbington,  181W. 
Sew^a  of  the  Hatropolii.    Report  from  ii  aelect  (committee,  ordered  bj  the  HonMsf 

CoiDinons  to  be  printed  July  14, 1864.     Paper;  4to.     London,  I8&1. 

Thl»  tmmiulll«F  waa  appoioWd  specially  to  tniiuiro  into  plana  for  dealing  wllh  Ihe  ••*•(• 
of  lliu  mutropolis  (Idndou)  and  olbcrlarge  towns  with  a  view  tu  lis  ocI11»i]dd  id  agiwulnn* 
Tba  einninilii«  mudnded  tbat  it  la  not  only  possibls  to  uUlin)thvai-»a«Burt«wna,biitail 
■ncli  an  undertaking  may  I*  mudB  ta  reanlt  [n  iieouobirj-  adrantuge  !■■  the  rali>  payna  tif  Ite 

boforethecouuidtleflanuinberar  Ilia  eminent  engineers  and  Engllab  RaniUrian*  of  Ihedq. 
Sewage  «t  Towns,  Report  from  the  seloot  committee  on.     Two  report*,  in  3  voItudh. 

Kintl  report  ordered  to  be  priutnii  April  10,  1862,  and  the  aeoond  report  April 

29.  1862.     4to.     Louduii,  188S. 
Sewage  al  Towni  Coamiuiai).     Three  repu 


lei'Ond  and  third  reporta. 
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•wage  pnriilcatiaa.  Return  of  the  particalftra  of  the  means  adopted  by  local  aathor- 
itiee  for  the  purification  or  disposal  of  sewage,  as  made  to  the  municipal  authori- 
ties of  the  borough  of  Rochdale.    4to.    1872. 

Contains  details  as  to  the  population  of  towns,  area  of  sewage  farms  or  disposal  areas, 
average  rainfall  of  district,  cost  of  land,  nnmber  of  years  in  operation,  method  of  managing 
farm.  Information  as  to  nuisances  from  effluent,  etc.  Also  contains  the  particulars  as  to  a 
large  number  of  precipitating  plants  in  operation  in  Enf^and  in  1872. 

Bwage  treatment  at  the  Barking  and  Crossnen  oatfaUs.  Report  by  the  engineer  for  the 
year  1894,  ordered  printed  by  the  main  drainage  committee  July  11,  1895.  The 
same  for  the  year  1893,  ordered  printed  by  the  main  drainage  committee  May  31, 
1894.    Five  pamphlets  in  all.    4to.    London. 

ywage  utilisaCion  at  the  State  Lunatic  Asylum  at  Worcester,  Kasiaohusetts.  Forty-seventh 
Annual  Report  of  the  Trustees,  for  the  year  ending  September  30, 1879.  Paper; 
8yo.     Boston,  1880. 

Contains  plans  of  the  sewage  utilization  works  as  carried  out  in  1876  and  as  still  in  success- 
ful use  at  that  institution. 

ledd  (J.  Herbert).    Iteport  on  sewerage  of  the  city  of  Providence.    Paper;  8yo. 

Providence,  1874. 
ater  (J.  W.).    Sewage  treatment,  purification,  and  utilization.    12mo.  London,1888. 

Largely  devoted  to  description  and  discussion  of  special  processes  of  chemical  purification. 
Contains  a  list  of  patents  granted  for  sewage  purification  processes  by  chemical  treatment, 
from  1880,  inclusive.  The  total  number  of  patents  listed  in  that  period  is  given  at  page  i54,  of 
which  II  have  been  taken  out  by  the  author  of  the  work. 

LOW  (F.  Herbert).    Report  on  sewer  assessments.    Paper;  8vo.    Brockton,  1894. 

aley  (Cady)  and  Fienon  (George  S.).    A  separate  system  of  sewerage,  its  theory 

and  construction.    Second  edition ;  8vo.    New  York,  1892. 

Contains  short  chapter  on  sewage  disposal. 

orer  (F.  H.).  Agriculture  in  some  of  its  relations  with  chemistry.  2  vols.  8vo. 
New  York,  1888. 

Professor  Storer's  two  volumes  contain  a  survey  of  the  whole  field  of  scientific  agriculture 
to  date.  As  regards  sewage  utilization,  following  the  English  viewH  of  ten  to  fifteen  years 
ago,  he  is  disposed  to  say  tbat  it  can  not  be  made  commercially  successful.  His  work  should 
be  consulted  by  every  person  interested  in  the  subject. 

Ldy  (C.  Meynott).    The  treatment  of  sewage.    16mo.    New  York,  1887. 

Leman  (F.)  and  Oartner  (A.).    Die  chemiscbe  und  mikroskopisch-bakteriologische 

Uutersuchung  des  Wassers.    Paper;  8vo.     Braunschweig,  1889. 
Dttenham  Local  Board  of  Health.    A  report  on  the  disposal  of  sewage  of  the  district, 

made  by  the  Tottenham  local  board  in  May,  1870.    8vo.    London,  1870. 
omer  (George).      Report  on  the  outbreak  of  enteric  fever  in   the  southeast  of 

Loudon.    Made  to  the  public  health  department  May  18,  1892.     Paper;  4to. 

London,  1892. 
erwaltnngs-berioht  das  Magiitrats  zu  Berlin.    Bericht  der  Deputation  fiir  die  Verwal- 

tnng  der  Kanalisations  Werke. 

This  is  the  annual  official  statement  of  the  committee  in  charge  of  the  sewerage  system  of 
the  city.  It  contains  full  details  as  t4>  the  management  of  the  sewage  farms  and  the  various 
scientific  observations  carried  out  there.  It  is  from  these  statements  that  the  tables  given  by 
Mr.  Roechling  in  his  paper  on  the  sewerage  works  of  Berlin  have  been  prepared.  The  last 
statement  at  hand  is  that  of  the  year  from  April  1,  1892.  to  March  31,  1893. 

T'anklyn  (J.  Alfred).     Water  analysis.    Practical  treatise  on  the  examination  of 

potable  water.    7th  ed.     12  mo.     New  York,  1890. 
iTardle  (Thomas).    Sewage  treatment  and  disposal.    8  vo.     London. 

While  this  work  has  no  date  on  the  title-page,  the  preface  is  dated  June  30, 1893.  Its  author, 
Thomas  Wardle,  esq.,  is  a  practicing  English  chemist  of  standing,  who  has  himself  perfected 
chemical  processes  of  purification.  The  worlc  contains  much  valuable  information  in  regard 
to  recent  sewage  disposal,  and  may  be  profitably  consiiltod,  although  it  is  largely  devoted  to 
showing  the  superior  value  of  Mr.  Wardle's  methods  of  purification  over  all  otliers. 
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Wftziag  (George  E.,  Jr.).  The  sanitary  drainage  of  honaea  and  towns.  4th  edition, 
revised  and  enlarged.    12mo.    Boston,  1883. 

An  excellent  expoidtUm  of  many  of  the  fkmdamentsl  qveetione. 

Waring  (George  £.,  Jr.).  Draining  for  profit  and  draining  for  health.  2d  edition^ 
12mo.    New  York,  1883. 

Waring  (George  E.,  Jr.).  Sewage  disposal  of  isolated  honses  and  large  institutions 
Reprint  fVom  the  American  Architect,  March  12  to  April  9,  1892. 

Waring  (George  E.,  Jr.).  Modern  methods  of  sewage  disposal.  12mo.  New  York, 
1894.    A  second  edition  has  been  pablished  in  1896. 

Waring  (George  E.,  Jr.).  Pnrification  of  sewage  by  forced  aeration.  Report  of  to 
experimental  investigation  of  the  valne  of  the  process  of  purifying  sewage  bj 
means  of  artificially  aerated  bacterial  filters.  Paper;  8vo.  NewiK>rt,  Rhode 
Island,  1895. 

Waring  (George  E.,  Jr.).  The  disposal  of  a  city's  waste.  Reprint  from  North  Amer- 
ican Review  for  Jnly,  1895.    Paper;  8vo. 

Waring  (George  E.,  Jr.).  A  report  on  the  final  disposition  of  the  waste  of  New  York 
by  the  department  of  street  cleaning.    Paper;  8vo.    New  York,  1896. 

Water  lapplies  of  Illinois  and  the  pollution  of  its  streams.  A  preliminary  report  to  ti» 
Illinois  State  board  of  health,  by  John  H.  Ranch,  secretary;  with  2  appendixM: 

(1)  Chemical  investigatioDS  of  the  water  supplies  of  Dlinois,  by  Prof.  J.  H.  Long; 

(2)  The  Illinois  River  Basin  in  its  relations  to  sanitary  engineering,  by  Lyann 
E.  Cooley. 

The  beginning  of  very  vsInAble  studies,  which  nnfortunstely  for  sanitary  aoienoe  hare  sol 
as  yet  been  continued. 

Wheeler  (W.  H.).    The  drainage  of  fens  and  lowlands.    8vo.    London,  1888. 
'^^coz  (L.).    Irrigation  farming.    A  handbook  for  the  practical  application  of  water 

in  the  production  of  crops.    12mo.    New  York,  1895. 
Wilson  (George).    A  handbook  of  hygiene  and  sanitary  science.    5th  edition.    12bio. 

Philadelphia,  1885. 
Worcester,  Massachwetts.    Reports  of  the  city  engineer  in  relation  to  the  disposal  of  tlM 

sewage  of  th«  city  of  Worcester,  made  in  1889,  in  response  to  a  request  of  the 

joint  standing  committee  of  the  common  council  on  sewers. 

Coutains  an  interesting  account  of  a  nuiubor  of  foreign  sewage  disposal  worlcs  visited  br 
the  city  engineer,  as  well  as  opinions  of  B.  S.  Brundell  and  James  Mansergh  in  regard  to  tb« 
probable  success  of  agricnltural  utilization  at  Worcester  in  comparison  with  sewa^  atiliu 
tion  in  England,  basing  their  opinions  on  the  statements  submitted  as  regards  climate  ete. 
The  sewage  disposal  works  at  Worcester  were  completed  and  put  in  operation  in  1890.  More 
recent  reports,  those  of  the  superintendent  of  sewers,  give  detailed  information  as  to  oo»t 
of  operation  and  degree  of  purification  obtained.  They  may  be  consulted  for  a  complete 
exhibit  of  the  working  from  month  to  month  of  such  a  chemical-purification  plant 

Worcester  sewage  and  the  Blackstone  River.  Reports  on  tho  poll  a  tion  of  the  Blackstone 
River  hy  the  Worcester  sewage,  etc.,  with  a  project  for  the  purification  of  the 
sewage  of  Worcester,  by  Col.  George  E.  Waring,  jr. 

The  French  literature  on  sewage  disposal  is  quite  extensive,  but  is 
necessarily  omitted  because  of  lack  of  space.  A  number  of  new  works 
and  reports  in  English,  which  have  appeared  since  the  compilation  of 
this  list,  are  also  omitted  because  of  lack  of  space. 
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80 
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Pells,  N.  J.,  sewage  disposal  at 70 

ckaway,  N.  Y.,  sewage  disposal  at.  64 
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Filter  materials,  experiments  with 81-84 

Flatbnsh,  N.  Y.,  sewage  disposal  at 67 

Fonda,  N.Y.,  sewage  disix)6al at 68 

Fort  Plain,  N.  Y. ,  sewage  disposal  at 67 

Foetoria,  Ohio,  sewage  disixMal  at 76 

Foxboro,  Mass.,  sewage  disposal  at 66 

Fresno,  Cal.,  sewage  disposal  at 82 

Fnlton,  N.  Y.,  sewage  disposal  at . .        68 

Ghu*dner,  Mass.,  sewage  disposal  at 45-46 

Genesee  River,  pollution  of 71 

Oowanda,  N.  Y. ,  sewage  disposal  at 68 

Oreat  Lakes,  pollution  of 86-41 

Oreenfleld,  Mass. ,  sewage  disposal  at 46 

Hamilton,  Canada,  sewage  disposal  at. . .       88 
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LETTER  OF  TRANSMITTAL. 


Department  op  the  Interior, 

United  States  Geological  Survey, 

Division  of  Hydrography, 

Washington,  October  28,  1898. 

Sir:  I  have  the  honor  to  transmit  herewith  the  manuscript  for  a 

pax)er  entitled  Water-Right  Problems  of  the  Bighorn  Mountains,  by 

Prof.  El  wood  Mead,  State  engineer  of  Wyoming.     This  x>Apei'  QdX\B 

particular  attention  to  the  complications  arising  in  the  distribution 

of  water  as  a  result  of  the  haphazard  construction  of  small  Irrigation 

ditches.    The  problems  encountered  in  this  region  are  typical  of  those 

which  are  to  be  met  in  nearly  every  State  of  the  West,  or  which  will 

be  met  in  the  near  future.     The  difficulties  found  in  the  area  described 

are  accentuated  by  the  diversion  of  water  from  one  stream  across 

divides  into  other  natural  drainage  lines,  thus  connecting  and  greatly 

complicating  the  water  rights  of  one  individual  with  those  of  others. 

The  calling  of  public  attention  to  these  conditions  will  go  far  toward 

arousing  enlightened  sentiments  in  behalf  of  more  comprehensive 

laws  in  other  States  and  should  bring  needed  support  to  the  efforts  of 

officials  in  their  attempts  to  distribute  equitably  the  waters  of  the 

flowing  streams. 

Very  respectf uDy,  F.  II.  Newell, 

Hydrographer  in  Charge. 

Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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WATER-RIGHT  PROBLEMS  OF  Tl  BIGHORN  MOUNTAINS. 


By  Elwood  Mead. 


rNTKODUCnON. 

TPbB  Bighorn  Range  is  the  most  impressive  feature  in  the  landscape 
of  northern  Wyoming,  and  its  scenic  beauties  are  made  the  more 
attraotive  by  the  striking  contrast  they  afford  to  the  surrounding 
vegion.  The  traveler  from  the  East  or  the  South  finds  the  clear,  cold, 
perennial  streams  which  flow  from  its  snow-clad  summits  a  grateful 
relief  from  the  alkaline  pools  or  dry  sand  channels  which  have  to  be 
largely  relied  on  when  journeying  toward  them.  The  lofty  and  rug- 
ged pinnacles  of  Cloud  Peak  (shown  in  PI.  I,  A)  are  made  all  the 
more  commanding  because  the  bad-land  hills,  which  form  the  summit 
of  the  Cheyenne  watershed,  are  so  commonplace  and  unattractive. 
West  of  the  range  is  the  Bighorn  Basin,  the  lowest  and  most  arid 
section  of  the  State,  where  the  dusty  roads  and  gray  stretches  of 
sagebrush  make  a  traveler  look  with  longing  at  the  snow-crowned, 
forest-clad  slopes  of  the  mountain  barrier  to  the  east. 

In  the  arid  States  mountains,  not  plains,  control  agricultural  devel- 
opment, and  this  isolated  barrier,  which  rises  near  the  middle  of  the 
northern  boundary  and  extends  southeast  nearly  to  the  center  of  the 
State,  has  done  more  to  people  the  northern  half  of  Wyoming  than  all 
other  influences  combined.  Without  it  the  section,  now  gridironed 
with  ditches  and  supporting  about  one-fourth  the  population  of  the 
State,  would  be  an  open  range  supporting  a  few  migratory  flocks  of 
sheep  and  herds  of  cattle.  The  latent  wealth  of  the  few  hundred 
square  miles  of  rocky,  barren,  and  almost  unoccupied  land  surface, 
over  8,000  feet  above  sea  level,  is  far  greater  than  that  of  any  equal 
area  in  the  valley  below.  This  region  gathers  and  stores  the  moisture 
which  alone  gives  value  to  the  land  below.  The  perennial  streams 
thereby  created  have,  in  their  diversion  and  use,  given  employment 
to  more  X)eople,  attracted  the  investment  of  more  capital,  and  created 
more  problems  to  tax  the  wisdom  of  the  lawmakers  than  has  all  the 
unimproved  unirrigated  farming  land  in  the  State. 

The  ease  and  cheapness  with  which  the  streams  can  be  diverted, 
the  fertility  of  the  soil,  and  the  exceptional  valu^  of  th^  ^mt^oxis^^^ 
gr&zingland  have  made  this  section  an  attTaoUv^loQaXVoiitetXSii'"^''^^ 


12         yrATER-'BiaiB.f  pboblems  of  BIGHOBN  HOCNTAINS.     IK>.S  1 

seekerof  limited  means.  It  is  a  region  of  small  ditches  and  individnol  | 
appropriaton  of  water.  On  th<i  eastern  slope  appropriation  begai 
before  there  were  any  laws  gDveming  the  recording  or  establishmem 
of  rights  thereto,  while  the  isolation  of  the  early  settlers  ma^e  ihen 
disregard  or  give  little  heed  to  water-right  problems  until  the  needsof 
osers  began  to  exceed  &e  aVHilable  supply;  since  then  the  multitude 
of  rights,  resoltlng  from  the  haphazard  location  of  ditches,  has  mitdr 
a  satisfactory  settlement  of  tuany  of  these  problems  unusnally  diffi- 
oolt.  Before  dlsoosaing  theee  problems  a  brief  review  will  be  given 
of  the  progress  made  In  the  twenty  years  which  have  elapsed  since 
HanlioB  Bedmond,  a  settler  on  Clear  Creelf ,  built  the  first  ditch  and 
beoame  the  pioneer  farmer  of  the  northern  half  of  the  State. 

At  that  time  the  nearest  railway  station  in  tie  State  was  Rock 
Creek,  on  the  Union  Pacific,  nearly  300  miles  away.  There  was  not 
a  flour  mill  in  the  State,  and  the  long,  hazardous,  and  expensive  trip 
necessary  to  seoore  the  plov  which  turned  the  first  fnrrow  and  the 
food  for  the  men  who  worked  on  it  added  greatly  to  its  cost.  Reclaim- 
ing the  desert  under  saoh  oondiliuns  liad  many  drawbacks,  and  the 
earlier  ditches  were  of  the  crndest  and  simplest  character.  There 
was  no  attempt  at  any  comprehensive  projects.  Each  irrigator  was 
a  law  to  himself.  Cooperative  ditches  or  canals  were  rare  excep- 
tions. This  explains  the  large  number  of  ditches  of  record,  and  istbe 
oanse  of  many  of  the  otutaoles  to  the  satisfactory  division  of  water 
which  confront  those  charged  with  tliis  duty.  I 

NUMBER  OF  AITROPRIATIOXM  .4JfT>  ACREAGE  IfECLAIMED. 

The  records  of  the  State  engineer's  office  show  that  there  are  1,051 
adjudicated  rights  to  the  water  flowing  out  of  these  mountains. 
There  are  also  269  claims  which  have  been  recorded  and  approved, 
bnt  not  adjudicated.  In  addition  there  are  probably  100  ditches 
using  water  for  which  no  claim  has  been  filed.  The  adjadicated 
rights  describe  139,478  acres  of  land  to  which  these  rights  are  attached 
in  the  orders  of  the  board  of  control  establishing  them,  and  there  are 
appropriations  from  Crazy  Woman  Creek  aggregating  925.25  second- 
feet  where  the  land  irrigated  is  not  described.  Pour  flour  mills  have 
rights  to  water  for  power  purposes  aggregating  324.50  second-feet, 
and  the  several  cities  and  towns  of  this  region  have  adjudicated 
rights  for  power  and  domestic  purposes  amounting  alt<^8ther  to  80.6 
second-feet. 

Along  the  northern  end  of  the  range  some  promising  placer  fields 
have  been  discovered,  and  rights  to  137.6  second-feet  have  been 
acquired  with  which  to  work  them.  The  total  volume  of  the  adjudi- 
cated rights  (3,455.4  second-feet)  isin  excess  of  the  low-waterdischarge 
of  the  streams  against  which  they  are  held,  but  is  below  the  maximum 
discharge,  so  that  the  securing  of  a  stable  and  adequate  water  supply 
for  many  ot  the  irrigators  holding  adiud.Vc»,\e&.  Tv^\aSa«.  ^i^ui^s,Q-a.Qf 
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storage.  While  all  of  the  rights  for  irrigation,  established  by  the  board 
of  control,  are  based  on  State  surveys  of  the  ditches  and  on  sworn 
statements  of  the  acreage  irrigated  by  the  appropriators,  there  is  po 
question  that  these  ^statements  are  somewhat  in  excess  of  the  truth. 
Irrigation  and  reclamation  are  elastic  terms.  Spreading  water  over 
land  to  increase  the  growth  of  grass  for  pasturage  purposes  is  irrigation 
and  is  so  held  by  the  board  of  control,  but  it  is  not  the  complete  recla- 
mation that  is  accomplished  by  cultivation.  The  tendency  to  augment 
the  acreage  actually  watered  is  so  common  as  to  lead  to  the  belief  that 
it  is  unconscious.  In  the  absence  of  exaggeration  so  gross  as  to 
constitute  an  injustice  to  other  users,  such  a  claim  usually  passes  with- 
out protest  unless  it  includes  land  which  the  State  engineer's  surveys 
show  to  be  not  susceptible  of  irrigation.  The  total  acreage  irrigated 
is,  therefore,  below  the  figures  before  given.  A  deduction  of  10  per 
cent  for  exaggerated  acreages  and  for  areas  which  have  only  a  sur- 
plus or  flood-water  supply  would  not  be  excessive,  and  would  leave 
125,000  acres  as  the  actual  area  irrigated  under  rights  established  by 
the  board  of  control.  This  is  more  than  half  the  acreage  given  as 
irrigated  in  the  entire  State  by  the  Tenth  Census. 

It  is  impossible  to  speak  with  equal  certainty  regarding  the  acre- 
age Irrigated  under  appropriations  approved  by  the  State  engineer's 
office,  but  which  have  not  yet  been  established  by  order  of  the  board 
of  control.  In  making  a  summary  of  these  rights  from  the  records  of 
the  engineer's  office,  all  canceled  permits,  or  those  which  have  not 
complied  with  the  requirements  of  the  State  law,  have  been  excluded. 
This  disposes  of  all  the  speculative  filings  which  were  made  prior  to 
1894,  during  the  time  that  no  fee  was  required  for  the  examination 
and  record  of  applications  to  appropriate  water.  Since  that  time  the 
stringent  regulations  governing  the  preparation  of  these  filings  have 
made  applications  so  expensive  that  the  tendency  to  make  these  for 
sx)eculative  purposes  has  almost  disappeared.  While  the  applications 
for  i)ermits  recently  approved  do  not  represent  actual  utilization, 
they  do  represent  projects  based  on  reliable  surveys,  which  are  being 
carried  out  by  people  who  are  in  earnest  and  who  have  sufficient  invest- 
ment in  the  work  to  make  its  completion  probable.  This  is  more 
nearly  true  of  the  appropriation  of  water  from  the  streams  of  this  region 
than  of  any  other  section  of  the  State,  as  there  are  no  large  projects. 
These  recorded  and  approved  permits  describe  214,000  acres  of  land 
for  which  irrigation  appropriations  are  claimed,  and  34  rights  to  water 
for  power  and  domestic  purposes. 

VAIiUE  OF  WATER  RIGHTS. 

The  value  of  the  rights  to  the  water  which  fills  these  ditches  and  fer- 
tilizes the  land  under  them  is  an  interesting  subject  for  consideration. 
That  they  give  to  both  ditches  and  land  whatever  value  they  have  is 
xmquestioned,  beoanae  an  empty  ditch  and  an  ar\^  ^\fiJ\T^  ^"c^  ^l>^!^^ 
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worthless.    But  while  the  right  to  water  gives  to  the  land  whatevor 
valme  it  has,  it  does  not  make  all  valmes  alike.    Cost  of  nudntainiog 
ditches,  ease  of  distributing  water,  fertility  of  the  soil  when  irrigated, 
and  the  value- and  extent  of  the  contiguous  range  are  elementa  which 
have  their  influence.    The  fact  that  transfers  of  these  rights  have  net 
thus  far  been  recognized  by  the  irrigation  authorities  of  WycMning 
has  prevented  any  transactions  of  this  character,  so  that  we  have  to 
go  to  surrounding  States  for  statistics  on  this  subject.    A  recent  sib 
of  a  right  to  78  second-feet  in  one  of  the  streams  of  northern  Colorado 
is  perhax>s  the  best  illustration  of  the  present  value  of  this  form  of 
property.    In  this  sale  nothing  was  sold  but  the  right  to  take  watar 
from  the  stream.    The  ditches  and  lands  by  which  it  was  condneted 
remained  in  the  possession  of  the  original  holders.    The  right  wm 
moved  several  miles  from  its  original  location  and  required  anotto 
ditch  for  the  diversion  of  the  water,  and  yet  sold  for  a  little  more  thai 
$250  per  second-foot.    Its  value  was  also  lessened  by  the  fact  that 
the  purchasers  knew  that  the  sale  would  be  contested  and  that  the 
expense  of  litigation  to  establish  the  legality  of  the  transfer  would 
have  to  be  paid  by  them.    The  price  paid,  therefore,  was  far  beknr 
what  the  property  would  have  brought  had  the  sellers  been  able  to 
give  an  unquestioned  title. to  the  property,  and  is  not,  I  think,  above 
the  value  of  an  unquestioned  right  in  the  Bighorn  Mountains.    U 
this  is  true,  the  value  of  the  adjudicated  rights  to  the  water  of  this 
range  is  already  over  $1,000,000.     That  this  is  destined  to  be  greatly 
augmented  in  the  near  future  is  beyond  question.     The  commercial 
importance  of  the  water  rights,  therefore,  makes  their  legality  and  the 
measures  devised  for  their  enforcement  a  subject  of  great  economic 
interest. 

BOABB  OF  CONTROIi. 

Under  the  constitution  of  Wyoming  the  board  of  control  is  intrusted 
with  the  supervision  and  control  of  aU  public  waters  of  the  State  and 
of  their  appropriation,  diversion,  and  distribution.  Its  administrative 
powers  are  therefore  very  broad.  It  has  not  only  to  determine 
rights  to  streams,  but  to  enforce  those  rights  afterwards.  It  has  five 
members.  These  are  the  State  engineer,  who  is  president,  and  the 
four  division  superintendents.  At  the  outset  the  board  endeavored 
to  outline  clearly  and  definitely  its  views  of  what  was  necessary  to 
complete  or  perfect  a  title  to  water,  and  so  to  simplify  the  methods  of 
taking  proof  as  to  enable  all  water  users  to  know  what  was  required 
and  to  prepare  and  submit  it  at  the  least  possible  outlay.  In  pursu- 
ance of  these  views  the  board  adopted  and  published  the  following 
governing  principles: 

1.  In  order  to  constitute  a  valid  appropriation  the  water  must  have 
been  used  for  some  beneficial  purpose,  and  in  the  case  of  appropria- 
tion for  irrigation  the  water  must  have  actually  been  applied  to  the 
land. 
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2.  The  amount  of  an  appropriation  is  governed  by  the  volume  used 
and  by  the  requirements  of  tRis  use — in  the  case  of  appropriations 
for  irrigation,  by  the  needs  of  the  land  reclaimed. 

3.  Where  reasonable  diligence  is  shown  in  the  construction  of 
ditches  and  utilizing  water,  the  appropriation  dates  from  the  begin- 
ning of  work  on  the  ditch,  the  survey  to  be  considered  as  part  of  such 
work;  where  reasonable  diligence  is  not  shown,  the  appropriation 
dates  from  the  utilization  of  the  water. 

4.  Priority  of  appropriation  gives  priority  of  right,  except  in  the 
case  of  appropriations  made  between  1888  and  1891,  during  which 
time  the  law  made  appropriation  for  domestic  use  a  preferred 
priority. 

5.  Appropriations  for  irrigation  are  restricted  to  1  cubic  foot  per  sec- 
ond for  each  70  acres  irrigated.     While  this  does  not  necessarily 
apply  to  lands  reclaimed  before  the  enactment  of  the  State  law,  no  ^ 
appropriation  for  a  larger  amount  has  Jbeen  made,  because  in  all 
cases  so  far  considered  this  volume  has  appeared  ample. 

6.  Transfers  of  rights  to  water  made  in  advance  of  any  adjudica- 
tion, either  by  the  courts  or  by  the  board,  are  not  recognized,  the 
reason  being  that  parties  had  not  such  ownership  as  would  enable 
them  to  give  valid  title  to  the  water  sold.  No  transfers  involving 
changes  in  location  or  character  of  use  have  been  recognized. 

As  the  operation  of  these  principles  is  uniform,  and  as  the  facts  on 
which  any  appropriation  rests  are  in  all  cases  the  same,  it  was  possi- 
ble to  prepare  a  blank  form  of  proof  for  the  guidance  of  irrigators, 
and  in  that  way  to  simplify  both  the  labor  of  preparing  proofs  and  of 
the  board  in  their  subsequent  examination.  The  following  is  the 
form  adopted : 

PROOF  OP  THE  APPROPRIATION  OF  WATER, 

From ,  Division  No. . 

State  yonr  name. 

1.  Post-oflBce. 

2.  State  the  nse  to  which  the  water  has  been  applied. 

3.  State  the  means  of  diversion  employed. 

4.  If  through  a  ditch,  state  its  name. 

5.  State  (a)  the  date  of  the  survey  of  the  ditch  or  other  distributing  works 
through  which  the  water  claimed  is  diverted;  (h)  the  date  when  the  construc- 
tion of  such  ditch  was  begun  and  when  completed. 

6.  If  any  enlargements  were  made,  state  the  date  when  begun  and  the  date 
"when  completed. 

7.  State  the  dimensions  of  the  ditch  as  originally  constructed  and  as  enlarged, 
and  if  measured  by  the  county  surveyor  under  the  provisions  of  the  act  of  1886, 
^ve  the  results  of  such  measurements. 

8.  State  the  name  of  person,  association  of  persons,  or  corporation  who  built  the 
ditch  or  canal,  and  the  name  or  names  of  its  present  owners. 

9.  If  water  is  claimed  for  irrigation,  give  the  legal  subdivisions  of  land  owned 
or  controlled  by  you  for  which  an  appropriation  is  claimed. 

10.  State  the  nature  of  your  title  to  the  above-described  land:  and  if  not  ownedL 
by  you.  give  the  Dame  of  the  owner  and  the  nature  oi  lYiQ  '^o^aeeAOX'^  tv^\.  Vc&s^ 

y^ou  exerdae. 
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11.  Stat«  the  year  when  wabr  was  first  used  for  irrigatioti  or  other  beneiGcul 
purpoees,  and  bf  whom. 

13.  If  for  irrigation,  give  the  □  amber  of  acr«e  watered  the  first  year.  giTUj 
the  legal  BubdiTiBioiiH  an  which  used  and,  as  near  as  may  be,  the  acres  Irrigated  ii 
each  sabdiTision. 

13.  State  the  number  of  acres  watered  each  anbeeqiient  year,  and  give  the  1^ 
Bnbdlvisiona  on  which  the  water  was  nsed  and,  aa  aeat  as  may  be,  the  acres 
gated  in  each  legal  subdivision. 

14.  State  the  number  of  acres  irrigated  from  said  dit«h  in  189 — ,  and  give  tba 
legal  snbdivisiona  on  which  water  wax  used  and.  as  near  at  may  be,  the  &i:TeB 
gated  in  each  Hnbdivision. 

13.  State  the  acreage  said  ditch  is  capable  of  watering,  give  the  legal  sitbdi<4' 
sions  of  land  which  it  can  be  made  to  irrigate,  and  state  who  owns  said  lanii. 

16.  State  your  proportionate  interest  in  said  ditch. 

(10)  The  plat  prepared  by  the  State  engineer  is  hereby  accepted  aa  showing 
correctly  the  location  of  the  ditch  and  the  land  which  can  be  irrigated  therefrom,' 

IT.  When  does  your  irrigation  season  begin  and  when  does  it  end? 

18.  If  water  is  used  for  other  purposes  tlian  irrigation,  state  the  iiatni«  of  sncb 
use  and  the  time  when  such  nse  ^gan. 

19.  How  much  water  is  required  for  auch  purpose? 

20.  During  what  months  is  the  water  used? 

21.  Have  you  or  any  other  claimant  of  said  appropriation  flled  a  claim  to  witra 
In  the  office  of  the  county  clerk?  If  so,  give  date  of  filing  and  the  nuue  uf  tbe 
party  or  parties  interested  in  said  claim. 

22.  Have  yon  had  sufBcient  water  each  yoMX  since  the  use  for  irfaich  an  appro- 
priation is  claimed  liegan? 

2S.  If  not,  state  the  years  of  scarcity,  the  months  when  the  sapply  was  insuffi- 
cient, and  the  reason  of  such  scarcity. 

I  hereby  certify  that  the  foregoiag  affidavit  was  read  to  the  affiant  in  my  pres- 
ence before  he  signed  his  name  thereto;  that  said  affiant  is  to  lue  j)er9onally  known 

(or  hflB  been  satisfactorily  identified  before  me  by • ) ,  and  that  I  veril j 

believe  him  to  be  a  credible  person  and  the  person  he  repreaenta  himaelf  tu  be; 

and  that  this  afBdavit  was  Bubacribed  and  sworn  to  before  me  at ,  on  thia 

day  of ,  18»-. 

Divigion  Superintendent. 

DbabSib:  Yonr  attention  is  called  to  the  inclosed  proof  of  appropriation.  It  is 
ttie  intention  of  the  law  and  also  of  the  board  of  control  to  make  the  adjndicaticsi 
of  rights  to  the  dm  of  wat«r  as  Inexpenmre  to  the  appropriator  as  possibla.  Ceo- 
wqnently  yon  are  requested  to  cooperate  with  the  division  superintendent  to  whom 
70U  submit  yonr  testimony  to  the  extent  that  yon  prepare  yourself  to  answer  all 
questions  readily  and  accurately  before  the  day  set  for  submitting  said  teatimony. 

Tout  special  attention  is  called  to  those  questions  whose  answ^  indicate  tbs 
date  of  yonr  appropriation  and  ose  of  the  water,  and  to  the  acrooee  of  laud  irri- 
gated and  description  thereof, 

B7  complying  with  this  request  you  will  not  only  facilitate  the  taUng  of  tes- 
timony, but  will  insnre  the  correct  establishment  of  the  respective  rights  and 
possibly  prevent  expensive  and  aggravating  litigation. 

Yonrs  tmly,  , 

Division  Superintendent. 

■  In  ose  there  is  objection  to  the  official  pUt,  the  parties  objecting  mnst,  whan  giving  proat 
Olea  written  BtatemsDtot  the  reaaonsthersror.  and  must  wltblQ  thirty  days  flle  with  the  dlvl- 
^aaflaperloCeadeDtaniapot  said  ditch  and  lr[\ea^ed  l&Ti&a,  tU.^  tOAai^tt  aarveyor,  glrlnc 
rtaarrey.  sCtached  thereto. 


WATER  DIVISIONS  AND  DI8TBICTB. 


WATER  DIVISIONe  AND  DISTRICTS. 

In  order  that  each  of  the  more  than  1,000  holders  of  water  rights 
ihall  obtain  his  share  of  the  common  sapply  there  muat  be  some  offi- 
Mr  to  see  that  the  rights  are  enforced  and  protected  in  times  of 


ir  dlBtlieta  In  portli 


DlTiaioDB  II  and  III. 


jcarclty.     For  convenience,  and  in  order  to  make  the  work  more 
affective,  the  entire  State  has  been  divided  into  four  QartA^  <w.U9»l 
water  divisions,  and  these  divisions  liave  ^>6en  svi\i4'w\4ft&  ""toNft  ^is^ 
JSM^ 2 
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DinietiMana  of  ditches  taking  water  from  Crazy  Womait  Creek. 


NuneoIdUcb. 


Billy  Cre^ 

John  E.  Smith. 

North  Fork 

EarriBNo.  I 

Kingsbury  No.  1 

Halt 

Hed  Bark 

Moreton 

Cook 

North  Fork  of  Craiy  Woman-. 

Muddy  Creek 

Ps 

Kingsbory  No.  i ^. 

Kinssbmy  No,  3 

KingBbnry  No,  2 

Eennedy 

Dick 

Bnrton,  Kelly  Creek . . . 

Blue  Gap 

i   Teddy  JlUtet 

FortCoHina 

!   North  Fork(c) 

Devoe  No.  1 

DevoeNo.  9 

Canton,  Kelly  Creek _ 

Thompson  Brothers 

Thompson  &  Matthews 

\  Moreton  enlargement 

Mitchell  &  Long 

I   Kennedy  enlargement.   - 

HarriflNo.  2 


Aveiac*  dlmeiuloDi. 


nrlBinallr  coDatmclad. 


R  AvBrase  width  rs 

b  Average  width. 

c  Enlarsed  by  CoTingtoD  Bad  Hay*. 

ff  Arentgn  irjdth  M  enlarged. 

(  Grade  t  f«et  to  the  mile  port  of  the 


tha  remainder. 
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OBJECTIONS  TO  THE  DECREE. 

The  water  described  in  this  decree  would  suffice  for  the  irrigation 
of  between  50,000  and  75,000  acres  of  land  even  under  the  waste- 
ful methods  which  prevail.  The  property  disposed  of  was  of  great 
value.  If  a  second-foot  of  water  is  worth  $250,  rights  to  900  second- 
feet  are  of  enough  importance  to  warrant  an  inquiry  into  the  meth- 
ods by  which  they  were  acquired.  Nothing  is  more  indispensable,  if 
we  are  to  avoid  disastrous  controversies,  than  to  have  the  acts  by 
which  a  right  to  water  is  secured  clearly  defined  and  the  limitations 
on  that  right  definitely  prescribed  by  law.  Every  user  of  water  wishes 
to  know  how  the  title  thereto  is  to  be  secured,  while  everyone  inter- 
ested in  the  growth  and  success  of  irrigated  agriculture  wishes  to  be 
certain  that  the  commodity  on  which  its  success  depends  shall  not  be 
wastef ully  or  fraudulently  transferred  to  private  or  speculative  own- 
ers. The  results  of  this  adjudication  have  apparently  not  answered 
either  of  the  questions  clearly  or  to  the  satisfaction  of  those  directly 
concerned. 

Cotttroversies  over  the  legality  of  these  rights  and  over  the  discre- 
tionary authority  of  the  water  commissioner  in  enforcing  the  decree 
began  the  first  season  of  its  operation  and  still  continue.  That  all 
should  have  agreed  was  out  of  the  question.  The  Territorial  law  was 
both  indefinite  and  contradictory  in  its  provisions.  Those  claiming 
rights  were  not  agreed  either  as  to  the  meaning  of  the  law  or  in  their 
views  of  an  irrigator's  needs.  Nor  was  the  method  of  taking  proof  cal- 
culated to  disclose  the  facts  on  which  a  just  or  satisfactory  settlement 
of  these  rights  must  rest.  There  was  no  measure  of  the  flow  of  the 
stream.  There  was  no  survey  of  the  ditches,  of  the  lands  irrigated, 
or  of  the  lands  which  could  be  irrigated.  There  was  no  proof  of  the 
actual  volume  of  water  diverted  or  of  the  needs  of  the  land  for  which 
its  use  was  claimed.  All  that  was  required  in  this  disposal  of  public 
property  was  for  each  individual  claiming  a  right  therein  to  file 
proof  of  the  buUding  of  a  ditch  and  his  estimate  of  the  volume  it 
would  divert.  The  first  objection  to  this  was  the  lack  of  knowledge 
of  the  claimants  themselves.  Not  one  of  them  knew  accurately  the 
carrying  capacity  of  his  ditch  or  the  volume  needed  to  reclaim  an 
acre  of  land.  To  all  the  expression  "  cubic  foot  per  second"  was  an 
almost  meaningless  term.  It  would  have  meant  just  as  much  if  the 
volume  had  been  expressed  in  liters.  Granting  that  the  desire  of  all 
was  to  claim  only  what  they  were  entitled  to,  their  success  in  doing 
this  would  be  wholly  accidental.  Nor  was  the  submission  of  these 
statements  to  a  judge  or  a  commissioner  having  no  greater  prac- 
tical knowledge  than  the  irrigators  themselves  a  wise  provision.  The 
questions  to  be  determined  were  physical,  not  legal,  and  without  some 
knowledge  of  either  the  volume  which  the  stream  carried  or  tha  vr«,tftt 
used  on  an  acre  of  land  these  officers  were  in  no  'wa'S  'pt^^^bX^  \ft  ^^»»»k 
on  the  reasonableness  of  the  claims. 
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seeker  of  limited  means.  It  is  a  r^on  of  small  ditcheB  and  individiial ' 
appropriators  of  water.  On  the  eastern  slope  appropriation  b^an 
before  there  were  any  laws  governing  the  recording  or  establishment 
of  rights  thereto,  while  the  isolation  of  the  early  settlers  made  then 
disregard  or  give  little  heed  to  water-right  problems  until  the  needs  of 
users  began  to  exceed  the  available  supply;  since  then  the  multitude 
of  rights,  resulting  from  the  haphazard  location  of  ditches,  has  made 
a  satisfactory  settlement  of  many  of  these  problems  unusually  diffi- 
cult. Before  discussing  these  problems  a  brief  review  will  be  given 
of  the  progress  made  in  the  twenty  years  which  have  elapsed  sinoe 
Manlius  Redmond,  a  settler  on  Clear  Creek,  built  the  first  ditch  and 
became  the  pioneer  farmer  of  the  northern  half  of  the  State. 

At  that  time  the  nearest  railway  station  in  the  State  was  Rock 
Creek,  on  the  Union  Pacific,  nearly  300  miles  away.  There  was  not 
a  flour  mill  in  the  State,  and  the  long,  hazardous,  and  exjiensive  trip 
necessary  to  secure  the  plow  which  turned  the  first  farrow  and  the 
food  for  the  men  who  worked  on  it  added  greatly  to  its  cost.  Reclaim- 
ing the  desert  under  such  conditions  had  many  drawbacks,  and  the 
earlier  ditches  were  of  the  crudest  and  simplest  character.  There 
was  no  attempt  at  any  comprehensive  projects.  Each  irrigator  was 
a  law  to  himself.  Coox>erative  ditches  or  canals  were  rare  excep- 
tions. This  explains  the  large  number  of  ditches  of  record,  and  is  the 
cause  of  many  of  the  obstacles  to  the  satisfactory  division  of  water 
which  confront  those  charged  with  this  duty. 

NUMBEB  OF  APPROPRIATIONS  AND  ACREAGE  RlECIiAIMED. 

The  records  of  the  State  engineer's  office  show  that  there  are  1,051 
adjudicated  rights  to  the  water  flowing  out  of  these  mountains. 
There  are  also  269  claims  which  have  been  recorded  and  approved, 
but  not  adjudicated.  In  addition  there  are  probably  100  ditches 
using  water  for  which  no  claim  has  been  filed.  The  adjudicated 
rights  describe  139,478  acres  of  land  to  which  these  rights  are  attached 
in  the  orders  of  the  board  of  control  establishing  them,  and  there  are 
appropriations  from  Crazy  Woman  Creek  aggregating  925.25  second- 
feet  where  the  land  irrigated  is  not  described.  Four  flour  mills  have 
rights  to  water  for  power  purposes  aggregating  324.50  second-feet, 
and  the  several  cities  and  towns  of  this  region  have  adjudicated 
rights  for  power  and  domestic  purposes  amounting  altogether  to  80.6 
second-feet. 

Along  the  northern  end  of  the  range  some  promising  placer  fields 
have  been  discovered,  and  rights  to  137.6  second-feet  have  been 
acquired  with  which  to  work  them.  The  total  volume  of  the  adjudi- 
cated rights  (3,455.4  second-feet)  is  in  excess  of  the  low- water  discharge 
of  the  streams  against  which  they  are  held,  but  is  below  the  maximum 
discharge,  so  that  the  securing  of  a  stable  and  adequate  water  supply 
tor  many  of  the  irrigators  holding  ad^M^caX^^  yv^Xj^Ns.^  <^i5&tion  of 
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storage.  While  all  of  the  rights  for  irrigation,  established  by  the  board 
3f  control,  are  based  on  State  surveys  of  the  ditches  and  on  sworn 
statements  of  the  acrieage  irrigated  by  the  appropriators,  there  is  po 
question  that  these  ^statements  are  somewhat  in  excess  of  the  truth. 
Irrigation  and  reclamation  are  elastic  terms.  Spreading  water  over 
land  to  increase  the  growth  of  grass  for  pasturage  purposes  is  irrigation 
%nd  is  so  held  by  the  board  of  control,  but  it  is  not  the  complete  recla- 
ooation  that  is  accomplished  by  cultivation.  The  tendency  to  augment 
the  acreage  actually  watered  is  so  common  as  to  lead  to  the  belief  that 
it  is  unconscious.  In  the  absence  of  exaggeration  so  gross  as  to 
constitute  an  injustice  to  other  users,  such  a  claim  usually  passes  with- 
3ut  protest  unless  it  includes  land  which  the  State  engineer's  surveys 
show  to  be  not  susceptible  of  irrigation.  The  total  acreage  irrigated 
is,  therefore,  below  the  figures  before  given.  A  deduction  of  10  per 
3ent  for  exaggerated  acreages  and  for  areas  which  have  only  a  sur- 
plus or  flood- water  supply  would  not  be  excessive,  and  would  leave 
125,000  acres  as  the  actual  area  irrigated  under  rights  established  by 
bhe  board  of  control.  This  is  more  than  half  the  acreage  given  as 
irrigated  in  the  entire  State  by  the  Tenth  Census. 

It  is  impossible  to  speak  with  equal  certainty  regarding  the  acre- 
age irrigated  under  appropriations  approved  by  the  State  engineer's 
3ffice,  but  which  have  not  yet  been  established  by  order  of  the  board 
3f  control.  In  making  a  summary  of  these  rights  from  the  records  of 
bhe  engineer's  ofi^ce,  all  canceled  permits,  or  those  which  have  not 
3omplied  with  the  requirements  of  the  State  law,  have  been  excluded. 
This  disposes  of  all  the  speculative  filings  which  were  made  prior  to 
L894,  during  the  time  that  no  fee  was  required  for  the  examination 
ind  record  of  applications  to  appropriate  water.  Since  that  time  the 
stringent  regulations  governing  the  preparation  of  these  filings  have 
nade  applications  so  expensive  that  the  tendency  to  make  these  for 
speculative  purposes  has  almost  disappeared.  While  the  applications 
or  permits  recently  approved  do  not  represent  actual  utilization, 
hey  do  represent  projects  based  on  reliable  surveys,  which  are  being 
'^rried  out  by  people  who  are  in  earnest  and  who  have  sufficient  invest- 
nent  in  the  work  to  make  its  completion  probable.  This  is  more 
learly  true  of  the  appropriation  of  water  from  the  streams  of  this  region 
ban  of  any  other  section  of  the  State,  as  there  are  no  large  projects, 
rhese  recorded  and  approved  permits  describe  214,000  acres  of  land 
OT  which  irrigation  appropriations  are  claimed,  and  34  rights  to  water 
:oT  power  and  domestic  purposes. 

VAIiUE  OF  WATEB  RIGHTS. 

The  value  of  the  rights  to  the  water  which  fills  these  ditches  and  fer- 
tilizes the  land  under  them  is  an  interesting  subject  for  consideration. 
rhat  they  give  to  both  ditches  and  land  whatever  value  they  have  is 
mquestioned,  because  an  empty  ditch  and  an  at\^  ^X&ytl  ^t^  ^i^c^^ 
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Wbil©  rights  may  have  been  acquired  throngh  the  building  of  th^se 
ditches,  the  volumeB  decreed  were  manifestly  not  based  on  their 
capacity.  Appropriator  No.  1,  after  building  a  ditch  to  carry  10  feel, 
was  given  only  a  fraction  over  half  that  amount,  while  in  contrasl 
thereto  the  third  appropriator  was  given  11  feet  more  than  his  ditch 
woald  divert.  The  seventh  appropriator  was  given  2  second-feet  for 
fiaah  foot  the  ditoh  could  carry,  while  the  seventeenth  was  cut  dowB 
to  less  than  half  what  had  been  or  could  be  taken  from  tbe  stream. 
Priority  No.  18  was  favored  with  a  double  allowance,  while  No.  201 
got  only  half  a  loaf.  Some  of  the  appropriations  agree  approximately 
with  the  volume  which  the  ditch  could  divert,  but  the  number  whirt 
are  either  far  above  or  far  below  shows  that  this  agreement  was  acci- 
dental and  not  based  on  any  investigation  of  this  question. 

EXCESSIVE  AMOUNTS  CLAIMED. 

Nearly  all  recent  laws  and  decisions  are  agreed  that  simply  divert- 
ing water  does  not  of  itself  complete  a  right  to  it;  that  in  addition 
the  water  so  diverted  must  be  applied  to  some  beneficial  tise.  If  this 
test  be  applied  to  appropriations  for  irrigation,  the  actual  acrea^ 
reclaimed  might  pi-operly  be  taken  as  the  measure  by  which  the  vol- 
ume appropriated  should  hedetermined.  All  of  these  appropriatioos 
are  for  this  purpose,  and  all  except  one  of  them,  No.  16,  states  th« 
acreage  to  be  irrigated,  and  in  the  excepted  case  it  is  restricted  to  the 
land  owned  by  the  claimants.  A  casual  inspection  of  the  number  of 
acres  irrigated  and  the  amount  decreed  shows  that  the  need  of  ihe 
land  had  no  weight  in  fixing  these  rights.  While  the  measnrementfi 
of  the  water  used  in  irrigating  an  acre  of  land  have  not  aa  yet  taken 
the  range  or  embraced  all  the  conditions  needed  to  fix  the  absolute 
volume  to  be  used  on  that  area,  enough  have  been  made  to  show 
the  approximate  limits  of  such  use.  In  a  series  of  tests  beg^iin  by  the 
State  engineer  and  continued  by  the  State  University  of  Wyoming 
there  was  not  a  single  instance  in  which  the  duty  of  a  seoond-foot  fell 
below  80  acres.  As  these  tests  were  made  in  widely  8eparat«d  locali- 
ties, embraced  a  wide  range  of  crops,  and  were  continned  for  five 
years,  this  may  fairly  be  taken  as  a  limit  of  the  actoal  needs  of  irri- 
gation, and  the  State  legislature  has,  since  this  decree  was  rendered, 
made  any  appropriation  in  excess  of  1  second-foot  to  70  acres  illegal. 
The  land  along  Crazy  Woman  Creek  can  be  irrigated  with  leen  water 
than  is  required  in  some  of  the  localities  where  the  volume  osed  was 
measured,  and  there  is  no  reason  to  question  tb  3  statement  that  a  dni? 
of  1  second-foot  to  80  acres  is  below  rather  than  above  the  aCtaal  prac- 
tice along  the  stream.  But  whether  this  be  true  or  not,  it  is  cer- 
tain that  tbe  need  of  1  acre  is  approximately  the  same  as  that  of  every 
other  acre.  There  is  so  little  variation  in  the  soil  and  in  the  crops 
^TowD,  that  sufficient  water  for  one  80-acre  tract  is  enough  for  any 
other  equal  area  along  the  same  B\itea.m. 
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This  fact  could  not  have  been  considered  in  fixing  these  rights.  In 
^e  table  given,  one  column  gives  the  acres  to  be  irrigated;  in  the 
aext  column  are  the  acres  for  which  1  second-foot  of  water  was 
iecreed.  It  will  be  seen  that  the  first  appropriator  is  given  1  second- 
foot  for  each  18  acres  of  his  land,  or  at  least  four  times  the  volume 
needed,  while  the  fourteenth  appropriator  is  required  to  spread  a  sec- 
ond-foot over  133  acres.  When  the  owner  of  priority  No.  20  found  he 
seas  allowed  only  1  second-foot  for  100  acres,  while  his  neighbor,  own- 
ing the  twenty-seventh,  was  given  the  same  volume  for  10  acres,  he 
x>iild  not  be  blamed  for  objecting  to  the  discrimination. 

All  of  these  awards  are  for  a  continuous  fiow  for  the  entire  year, 
[n  practice,  however,  the  use  of  water  in  irrigation  extends  over  a 
>eriod  of  only  three  to  four  months.  Assuming  one  hundred  days  to 
ye  the  time  of  actual  need,  the  irrigator  under  priority  No.  1  is 
allowed  water  enough  to  cover  his  land  to  a  depth  of  10.8  feet,  while 
.he  irrigator  under  priority  No.  14  can  cover  his  land  with  only  1.5 
•eet.  The  irrigator  under  priority  No.  24  can,  if  he  desires,  submerge 
lis  farm  under  nearly  22  feet  of  water,  while  the  appropriator  under 
priority  No.  13  can  cover  his  with  less  than  that  many  inches. 

The  excessive  volumes  of  these  appropriations  make  it  manifest 
^bat  the  necessities  of  the  land  irrigated  had  no  more  to  do  with  deter- 
nining  the  volume  decreed  than  had  the  size  of  the  ditches.  It  is 
accessary  to  look  further,  therefore,  to  learn  the  reason  for  making 
)OTDe  rights  exceed  the  capacity  of  ditches  and  others  fall  below,  and 
for  allowing  some  appropriators  more  water  for  80  acres  than  was 
^iven  others  for  800. 

In  1886  a  law  was  passed  requiring  parties  claiming  appropriations 
3f  water  to  file  in  the  county  clerk's  office  a  statement  of  their  claim, 
rhis  law  required  that  the  statement  should  contain  a  description  of 
the  ditch,  the  name  of  the  stream,  and  the  number  of  acres  lying 
under  the  ditch  and  irrigated  or  proposed  to  be  irrigated.  In  the 
^me  law  was  a  provision  for  a  similar  statement  of  claim  for  pro- 
posed ditches,  which  required  any  party  intending  to  appropriate 
water  to  file  a  similar  statement  with  the  county  clerk.  It  contained 
the  same  provisions  as  the  section  relating  to  existing  ditches,  with 
several  additional  ones  relating  to  protection  of  existing  rights  and 
fixing  the  time  for  beginning  of  work,  together  with  the  following 
ambiguous  and  misleading  clause : 

And  from  the  time  of  filing  any  such  statement  water  sufiicient  to  fill  snch  ditch 
or  ditchee  and  to  anbeerve  the  use  or  uses  aforesaid,  if  a  lawful  and  jnst  nse,  shall 
be  deemed  and  adjuuiged  to  he  appropriated. 

Those  who  know  anything  about  the  difficulties  which  beset  engi- 
neers in  the  measurement  of  water  can  realize  how  difficult,  if  not 
impossible,  it  was  for  farmers  having  no  knowledge  of  hydraulics  to 
make  a  correct  estimate  of  the  volume  they  had  actually  diverted 
and  used,  and  that  it  was  impossible  for  tliem  \iO  nidi^^  ^tl  ^^(^^w:^^^^ 
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Rlaim  for  the  volumo  thoy  proposed  Ui  uih).  A  law  which  wonld  giT« 
to  each  irrigator  all  he  claimed  would  be  an  absurdity,  if  every  claim 
was  known  to  be  limited  to  the  claimant's  estimate  of  his  actual 
needs,  because  of  the  difference  in  the  capacity  of  claimants  to  mak« 
a  just  or  accurate  estimate';  but  a  law  which  throws  the  door  open  to 
Bpeculative  claims  and  declares  that  a  speculative  absorber  of  streams 
can  secure  an  adjadicated  right  thereto  simply  by  asking  for  it  is«i 
iniquity.  The  Territorial  water  law  was  not  framed  for  that  puri>ose, 
but  it  nevertheless  opened  the  door  for  the  water  grabber. 

Thirty-one  claimants  to  the  wat«r  of  Crazy  Woman  Oreek  filed  thes* 
statements,  some  being  for  existing  ditches  and  some  for  propiis«<) 
ones.  It  does  not  appear  from  their  character  that  there  was  any 
attempt  to  secure  speculative  rights,  since  some  of  the  claimants 
asked  for  more  water  than  they  needed  and  others  for  less.  Tlie 
truth  seems  to  l>e  that  the  intention  of  all  these  irrigators  was  to 
comply  with  the  requirements  of  the  law  in  good  faith,  bnt  that  tbe 
volumes  claimed  had  to  them  no  definite  meaning,  and  their  state- 
ment was  entirely  unintelligible.  There  was  probably  not  a  farmer 
alongthestreamwho  knew  whether  he  nsed  1  cubicfootof  water  or  lu, 
Hencetheseclaimsexhibit  chiefly  the  irrigators' lack  of  knowledge iiaJ 
the  necessity,  in  an  adjudicMion,  of  some  impartial  and  adec(ua'« 
investigation  of  the  facts  on  which  ^ny  reasonable  or  just  right  shoaW 
pest.  It  was  the  belief  of  the  holders  of  these  water  rights,  howewr, 
that  the  filing  of  this  ex  parte  statement  constituted  in  itself  an  abw- 
lute  title  to  water,  and  that  the  further  action  in  adjudicating  these 
rights  was  only  to  confirm  their  title  to  the  volume  cliiimed.  The  out 
come  was  in  accordance  with  this  belief.  A  comparison  of  the  stat«- 
ments  of  claims  filed  in  the  county  clerk'soffice  with  the  volumes aU»Ii«d 
in  the  decree  shows  that  in  nearly  every  instance  they  are  the  saiue. 
While  a  number  of  those  who  filed  statements  of  claim  do  not  appear 
in  the  decree,  and  a  number  of  appropriatora  appear  in  the  decree  who 
did  not  file  claims,  there  are  enough  appearing  in  both  to  show  ibai 
the  adjudication  was  almost  if  not  entirely  a  proceeding  to  give 
the  makers  of  these  claims  all  they  asked.  The  following  table  shoio 
the  agreement  between  the  claims  filed  in  I8S6  and  the  appropriatioiis 
established  by  the  decree  of  1889 : 
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Comparison  of  appropriatums  under  decree  of  1889  with  original  daima  filed. 


PHority 
number. 

Name  of  ditch. 

Name  of  appropriator. 

Volume  al- 
lotted in  de- 
cree, in  cu- 
bic feet  per 
second. 

Volume 
claimed  in 
statement. 

2 
3 

4 

John  B.  Smith 

North  Fork 

Harrifl  No,  1 ....... , 

John  B.  and  Agnes  Smith  . . 
Wyoming  Land  and  Cattle 

Co. 

W.  Harris 

Wyoming  Land  and  Cattle 

Co. 

Moreton  Frewen 

Orrin  Cook  et  al 

67.03 
30 

12.2 
8.20 

22.32 
33.55 
28 

12.32 

32 

26.5 

84.45 

• 

210 

60.10 
78.11 
12 

25 
10 

a80 
55 

12.2 

6 

Holt 

8.20 

8 

Moretd& 

22.32 

9 

Cook 

33.55 

10 

North  Forkof  Crazy 

Woman. 
Dick 

J.  A.  Dowlin 

28 

17 

Powder  Biver  Cattle  Co 

R.  Kennedy  et  al 

12.82 

16 

Kennedy _. 

32 

19 

Blue  Gtop 

Little  North  Fork  Ditch  Co. 
F.  Q.  S.  Hesse 

26.5 

19i 

Teddy  Miller 

Fort  Collins 

84.45 

20 

Fort  Collins  Land  and  Im- 
provement Co. 

H.  W.  andC.  M.  Devoe 

do 

210 

21 

Devoe  No.  1 

43 

22 

Devoe  No.  2 

78.11 

25 

26 
27 

Thompson    &    Mat- 
thews. 

Mitchell  &  Long 

Hams  No.  2 

F.  S.  and  Q.  F.  Thompson.. 

B.  Long  and  M.  F.  Mitchell . 
W.Harris 

12 

25 
10 

a  80  orig:inally ;  67.09  later. 

If  this  creek  carried  enough  water  for  all  users,  giving  each  appro- 
priator all  he  claimed,  the  decree  might  not  have  been  open  to  objec- 
tion. Unfortunately  the  stream  does  not.  It  may  for  a  few  days  or 
few  hours  each  year  carry  900  second-feet,  although  this  is  to  be 
doubted;  but  during  the  latter  half  of  the  irrigation  season  the  mean 
discharge  is  not  one-t^nth  of  this  amount,  and  at  times  the  channel 
below  these  ditches  is  a  bed  of  dry  sand.  Not  one-half  the  acreage 
designated  in  these  appropriations  has  ever  been  irrigated,  nor  is 
there  water  enough  in  the  stream  to  irrigate  one-half  of  it  without 
resorting  to  storage.  With  storage  and  with  proper  economy  in  the 
use  of  water  all  the  land  could  probably  be  brought  under  cultivation, 
but  to  secure  these  there  must  be  some  method  of  restricting  appro- 
priators  to  their  actual  needs  in  the  first  place  and  some  security  for 
the  control  of  stored  water  in  the  second.  Extravagant  appropria- 
tion is  a  prolific  source  of  mischief  in  preventing  both  of  these 
desirable  results.     The  holder  of  a  large  appTopTiaXvoTi  O^wsi^  '^Saa 
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right  to  ooDtrol  it  whether  he  needs  it  or  not.  I^rties  he^tate  toeoa- 
Rtmct  xtora^  works  to  impoODd  water  which  nms  to  waste  when  the 
title  thereto  is  cloaded,  as  it  must  be  when  more  witter  thao  the  slreaa 
earries  at  flood  time  is  decreed  lo  be  appropriated. 

These  exceasire  rights  have  tieea  an  inoeesanl  soarce  of  trouble  In 
the  water  commissioner.  The  holder  of  prioritj  Ko.  2  can  close  all 
the  ditches  ahore  him  if  his  claim  in  reeognized,  and  if  it  is  not  he  has 
a  grievance  against  the  commissioner.  Two  instances  have  already 
occurred  in  wbieh  the  assistance  of  the  State  engineer  had  to  be  asked 
to  settle  controversies  over  the  right  of  these  holders  of  a  surplus  to 
arbitrarily  close  the  head  gates  of  later  appropriaCors.  There  is  the 
further  danger  that  these  holders  of  extravagant  rights  will  in  time 
proceed  to  sell  the  surplus.  If  they  have  the  right  to  Ao  this,  as  Ihe 
■Bnpreme  court  of  the  State  has  decided  in  a  similar  case,  the  time 
will  come  when  the  owners  of  the  first  three  appropriations  will 
practically  control  the  stream,  and  the  subsequent  rights  will  not  b« 
worth  considering.  Meantime  the  water  commissioner  is  forced  to 
be  judge,  jurj',  and  sheriff  in  the  division  of  wat«r  among  aaeis. 
Under  the  limitation  of  the  decree  which  gives  to  appropriators  onlt 
the  water  needed,  the  commissioner  refuses  to  close  the  head  gates  of 
subsequent  appropriators,  except  in  cases  of  actual  need  on  the 
part  of  the  holders  of  prior  rights.  But  this  policy  is  being  con- 
tinually called  in  question  and  cotUd  be  carried  out  equally  well 
without  a  decree. 

DISTRICT  3. 

This  district,  as  shown  in  fig.  1,  includes  Clear  Creek  and  its  tribu- 
taries, and  extends  from  the  summit  of  Cloud  Peak  on  the  west  to  the 
junction  of  Clear  Creek  and  Powder  River  on  the  east.  It  is  one  of 
the  most  important  districts  in  the  State  and  one  of  the  most  inter- 
esting to  the  student  of  water-right  problems. 

PLOW   OF  CLEAR  CREEK. 

Measurements  of  the  amount  of  water  flowing  in  Clear  Creek  were 
begun  in  1889,  their  necessity  having  arisen  from  controversies  over 
tlie  water  rights  which  the  shortage  of  that  year  rendered  acute.  The 
location  of  the  gaging  station  is  nlxiut  4  miles  above  the  city  of  Buf- 
falo, as  shown  on  flg.  2.  The  principal  diversions  above  the  gagiai: 
dtatioo  ai-e  those  in  the  mountains  where  two  ditches  carry  water 
across  a  low  divide  into  the  head  of  French  Creek.  The  measure- 
ments made  at  this  point,  therefore,  do  not  represent  the  total  flow  of 
the  stream,  except  at  snch  times  as  the  principal  ditches  are  eloseJ. 
The  results  of  the  measurements  up  to  and  including  1893  are  not 
available;  those  for  189+  are  shown  diagram matically  ou  page  xs.uii 
0/ the  Second  Biennial  Heportof  tb.eStRt«  Engineer  of  Wyoming  anJ 
Are  givea  in  the  following  tA.bV«.    DMimg  \%'i&  (i\«fc.-r«wjvtsB& -*<(ii 
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not  made  becaase  it  was  impracticable  to  obtaio  the  services  of  an 
observer.     The  results  of  the  record  for  1896  are  published  in  Part 


Fia.  E.^IniKatloii  Byatemi 


IV  of  the  Eighteenth  Annual  Report  of  the  UBited  States  G*ioVcs?,\r,».\ 
Sarvey,  onpage  140,  and  those  for  1897  in  Part  IV  ot\Jiift'&m'*R*wS(\ 
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Annual  Report,  of  the  Geological  Survey,  on  page  298.  Tlie  dis- 
charge for  the  three  yeare  is  also  given  below  and  is  shown  diagmm- 
matioally  in  flg.  3  (page  31). 

Entimaied  nuintfUg  diaclutrge  af  Clear  Creek  at  Buffalo.  Wpoming. 
IDnluage  ares.  UH  sqaare  mUen.] 
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BASLY   RIGHTS  AND   THEIR   ADJUDICATION. 

In  May,  1878,  AlaDlius  Redmond  began  a  diteli  to  water  land  along 
the  main  stream.  It  was,  bo  far  as  tlie  records  show,  the  first  attempt 
at  irrigation  in  northern  Wyoming,  and  the  only  attempt  made  that 
year.  Ditches  were  bnilt  in  1879  along  pearly  every  water  course  of 
the  Bighorn  Range,  but  in  the  previous  year  Mr.  Redmond  was 
alone.  For  more  than  ten  years  the  building  of  ditches  and  the  exten- 
sion of  the  irrigated  area  made  rapid  progress,  but  1889  was  a  eeason 
of  drought,  and  the  shortage  on  Clear  Creek  was  so  marked  aa  to  warn 
the  users  of  water  that  the  limit  of  profitable  reclamation  without  the 
aid  of  reservoirs  had  about  been  reached.  It  also  showed  the  need 
of  an  early  determination  of  priorities.  In  the  absence  of  this,  posi- 
tion was  everything;  the  ditch  farthest  upstream  \jools.\\al"<!N».Ka.'ft'^ 


"*'         ^ ^r  ?^:gr.jT^  :?  bg&3«v  xocttades.     »:a 
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regardless  of  the  rights  or  necessities  of  users  below,  while  those 
farthest  down  got  nothing. 

Among  the  worst  sufferers  from  this  condition  of  afEairs  was  the 
city  of  Buffalo.  Two  large  canals,  shown  in  fig.  2,  had  been  built  to 
carry  the  w^ater  of  the  North  Fork  of  Clear  Creek  across  a  divide 
into  French  Creek.  Their  combined  capacity  was  sufficient  to  drain 
the  stream,  and  as  no  seepage  returned,  the  loss  to  users  below  was 
absolute.  An  adjudication  of  priorities  was  begun  before  the  dose 
of  the  year,  but  before  the  preliminary  steps  had  been  completed  the 
Territory  of  Wyoming  held  a  constitutional  convention  and  adopted 
a  provision  placing  the  control  of  the  public  waters  of  the  State  in  the 
hands  of  the  board  of  control.  The  judge  of  the  district  court  ruled 
that  this  action  divested  his  court  of  jurisdiction,  and  further  prog- 
ress was  stayed  until  after  the  admission  of  Wyoming  to  statehood 
and  the  passage  of  the  State  irrigation  law. 

Under  the  State  law  rights  to  water  are  determined  by  the  board  of 
control,  and  an  adjudication  was  begun  by  measuring  the  ditches 
which  take  water  from  a  stream  and  by  making  surveys  of  the  land 
irrigated  or  which  can  be  irrigated.  The  measurements  and  surveys 
of  Clear  Creek  and  its  tributaries  were  begun  in  1891 ;  when  com- 
pleted they  were  placed  in  the  hands  of  W.  J.  Clarke,  the  division 
superintendent,  whose  duty  it  was  to  take  the  testimony  of  appropri- 
ators.  Mr.  Clarke  at  once  began  the  taking  of  testimony,  but  had  not 
completed  this  when  the  board  of  control  met,  in  February,  1892. 
On  his  return  from  this  meeting  the  division  superintendent,  who  was 
a  stockman,  became  involved  in  the  "invasion"  of  Johnson  County, 
as  it  was  called,  and  all  the  proofs  submitted  were  lost.  It  was 
necessary,  therefore,  to  begin  proceedings  anew  and  to  take  all  the 
testimony  over  again.  Before  this  work  was  completed  the  testi- 
mony^ formerly  taken  was  recovered,  and  both  sets  of  proofs  were 
before  the  board  of  control  at  its  final  determination  of  these  rights. 
The  two  sets  of  proofs  disclosed  many  discrepancies  and  contradic- 
tions, and  were  the  cause  of  several  contests,  which  delayed  the  final 
determination  of  these  rights  until  1895. 

DIVERSION   ACROSS   DIVIDES. 

The  map  of  Clear  Creek  and  its  tributaries  (fig.  2),  shows  the  loca- 
tion and  priority  numbers  of  the  several  ditches;  it  also  shows  that 
one  of  these  tributaries,  Piney  Creek,  drains  a  larger  mountain  area 
than  the  main  stream  and  also  has  a  greater  discharge.  In  addi- 
tion there  are  the  smaller  tributaries  of  French,  Johnson,  Sayles, 
Rock,  Shell,  J.  A.,  Boxelder,  Bear  Gulch,  and  Little  Piney  creeks. 
Clear  Creek  and  Piney  Creek  each  reach  to  the  summit  of  the  range 
and  drain  the  entire  eastern  slope  of  Cloud  Peak,  its  highest  eleva- 
tion. The  other  streams  are  cut  off  from  the  perpetual  snows  and 
ouly  drain  the  outlying  foothiVVa-,  Iv^iice,  while  they  have  an  abun- 
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dant  supply  for  early  irrigation,  the  late  supply  is  wholly  inadequate 
and,  unless  reenforced,  will  only  serve  for  the  reclamation  of  a  re- 
stricted area.  These  smaller  tributaries  are,  however,  bordered  by 
lands  equal  in  area  and  of  equal  value  with  those  along  the  valleys  of 
the  lai^er  ones;  hence  some  method  of  reenforcing  their  water  supply 
became  an  early  and  important  problem.  The  topography  of  this 
region  offers  unusual  opportunities  for  doing  this. 

The  head  waters  of  French  Creek  are  almost  directly  below  Clear 
Creek,  as  its  torrential  flood  comes  from  the  rocky,  snow-clad  slopes 
of  Cloud  Peak.  About  all  that  is  needed  to  turn  Clear  Creek  out 
of  its  channel  is  a  dam  high  enough  to  cause  the  water  to  overflow 
its  bank,  as  the  slope  is  toward  French  Creek  from  near  its  northern 
margin.  One  canal  built  to  turn  water  into  French  Creek  is  only 
half  a  mile  long,  while  the  other,  in  a  less  desirable  location,  is  only 
a  mile  in  length.  The  map  of  Clear  Creek  and  its  tributaries  (fig.  2) 
shows  the  location  of  these  two  canals,  together  with  the  priority 
numbers  71,  79,  and  93  of  their  appropriations. 

The  turning  of  the  water  from  Clear  Creek  into  French  Creek  and 
the  use  of  the  channel  of  French  Creek  as  a  part  of  two  canal  systems 
created  some  perplexing  problems  for  the  board  to  solve  in  the  deter- 
mination  of  the  two  classes  of  rights  from  the  latter  stream.  Both 
before  and  after  the  construction  of  the  canals  to  provide  this  supple- 
mental supply,  parties  had  built  ditches  and  appropriated  the  original 
or  natural  flow  of  French  Creek.  Some  of  these  appropriators  are 
interested  in  the  canals  in  order  to  obtain  an  augmented  supply,  so 
that  in  a  few  cases  the  same  individuals  claimed  rights  to  water 
from  two  sources  through  the  same  ditch  to  be  used  to  irrigate  substan- 
tially the  same  land.  Other  parties  who  made  no  claim  to  the  natural 
flow  of  French  Creek,  but  who  were  part  owners  in  the  canals  to  furnish 
the  augmented  supply,  had  built  ditches  from  French  Creek  for  the 
purpose  of  taking  out  the  water  turned  into  it. 

There  are,  therefore,  three  classes  of  appropriators  along  French 
Creek.  First,  those  who  claim  the  natural  flow  of  the  stream ;  second, 
those  who  claim  a  right  to  the  water  of  both  Clear  Creek  and  French 
Creek;  and  third,  those  who  claim  the  right  to  use  the  channel  of 
French  Creek  as  a  part  of  their  ditch  system,  but  draw  their  water 
supply  entirely  from  Clear  Creek.  Among  these  different  appropria- 
tors a  difference  of  opinion  exists  as  to  the  volume  of  water  supplied 
by  the  natural  flow  of  French  Creek.  At  the  time  of  the  adjudication 
it  was  urged  by  the  owners  of  the  rights  from  Clear  Creek  that  the 
claims  of  appropriators  from  French  Creek  were  for  more  water  than 
the  creek  carried,  that  the  acreage  originally  irrigated  had  been 
extended  by  the  unauthorized  use  of  a  part  of  the  supply  turned  in, 
and  that  the  board  should  restrict  these  claims.  This  was  not  done, 
because  it  was  found  impracticable  to  measure  the  flow  of  French 
Creek.  To  have  done  this  would  have  mvoVveA  «!tLw\>\>\Ti^  ^qsh\jl^ 
IBS2S 3 
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ditohes  from  Clear  Crook  and  the  ditches  of  appropriatora  above  some 
of  the  tribataries  of  French  Creek.  A  single  measurement  would  not 
be  BoffioieDt.  In  f&ct,  it  would  take  a  large  number  of  meaauremenlt 
to  reach  any  definite  conclusion. 

The  demands  of  the  area  now  under  irrigation  along  the  Htroun 
are  bo  largely  in  excess  of  the  natural  flow  of  French  Creek  that  to 
tarn  off  the  water  from  Clear  Creek  for  a  sufficient  length  of  time  to 
permit  the  measurement  of  the  natural  flow  of  French  Cre«k  would 
have  caneed  the  destruction  of  two-thirds  of  the  crops  along  the 
Htream.  ThOBe  appropriators  who  have  an  interest  in  Clear  Creek 
alone  or  in  both  supplies  naturally  objected  to  such  action.  The 
board  was  ther^ore  compelled  to  rely  on  the  en^neer'n  sarv^fsao^ 
on  the  proof  Bubmitted.  Rijjhta  were  restricted  to  the  actual  areas 
Irrigated,  bnt  the  source  of  the  appropriation  recognized  was  bawd 
on  statementa  of  irrigators.  Those  who  claimed  that  tfaefr  lands 
were  irrigated  from  French  Creek  alone  were  given  appropriations 
for  their  lands  from  that  source,  aud  those  who  claimed  to  have  nscd 
only  the  water  of  Clear  Creek  were  given  a  right  from  that  atrenm. 
Whether  or  not  this  was  in  accordance  with  the  fivcts  will  probably 
nerer  be  definitely  known.  It  is  one  of  the  instances  where  haphnz- 
ard  development  has  reached  a  stage  that  renders  any  accurate  m- 
tlement  oat  of  the  question. 

The  same  diffiealty  now  confronts  the  water  commissioner  in  per- 
forming his  duties.  The  two  ditches  which  divert  C;iear  Crook  into 
French  Creek  are  so  inaccessible  as  to  make  their  frequent  regnlatioti 
impossible.  Both  are  mouut^in  ditches  with  head  gates  over  9,0» 
feet  above  sea  level.  Their  channels  are  cut  among  the  pines  that 
cover  this  region  and  through  the  rocks  from  which  they  spring.  To 
reach  them  requires  a  steep  and  toilsome  journey  of  15  miles  from  tbc 
mountain's  base.  They  are  at  an  elevation  where  frost  is  perpetual 
and  snow  almost  so.  The  regulation  of  such  ditches  is,  therefore, 
ditBcult  and  expensive,  and  any  continuous  measurement  of  the 
volume  they  carry  is,  for  the  present,  out  of  the  question,  but  the 
increasiug  value  of  these  rights  will  in  time  render  the  sccorate  divi- 
sion of  water  indispensable.  The  water  from  Clear  Creek  min^e^ 
with  the  natural  flow  of  French  Creek  until  it  reaches  the  first  ditcher 
built  to  divert  it.  There  a  part  is  taken  out  and  carried  over  the 
divide  between  French  Creek  and  Johnson  Creek,  and  serves  to  reen- 
force  the  latter;  the  dit-ch  is  also  extended  across  a  second  divide, 
where  the  remainder  is  turned  into  Sayles  Creek  to  reenforce  the 
flow  of  this  stream  and  of  Rock  Creek  Iwlow  their  junction. 

The  fluctuations  in  the  flows  of  French  Creek  and  Clear  Or«ek  dn 
not  agree,  because  the  latter  is  fed  from  the  summit  of  the  range, 
while  the  former  drains  a  larger  area  of  the  foothills  region;  it  rises 
earlier  in  the  season  and  also  begins  to  subside  earlier,  but  as  tbe 
water  turned  in  joins  it  near  Mb  sovvtiife  \\«  \n.e»».\Htti»fei\ts  to  deter- 
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mine  these  varlationB  can  be  hod  without  aa  outlay  greater  than  can 
DOW  be  afforded.  The  practical  result  is  that  dnriug  the  early  part 
of  the  season  all  nsers  take  from  the  natural  flow  of  French  Creek, 
while  daring  the  latter  part  nearly  all  are  BUpplied  from  Clear 
Creek.  The  same  conditions  exist  on  Johnson  and  Saylea  creeks, 
while  on  Rock  Creek  there  is  a  third  element  of  uncertainty.  This, 
however,  has  arisen  since  the  adjudication  of  rights,  and  will  be 
described  later. 

PRAIRIE  DOO  CRBBK. 

Referring  again  to  the  drainage  map  of  this  district  {fig.  3),  it  will 
be  noticed  that  Piney  Creek,  which  rises  in  the  lakes  on  the  northern 
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slope  of  Cloud  Peak  (PI.  11),  not  only  drains  a  large  extent  of  the 
summit  of  the  range,  but  effectually  cuts  off  a  number  of  the  smaller 
tribntaries  of  Clear  Creek  therefrom.  Piney  Creek,  like  Clear  Creek, 
receivea  nearly  all  its  water  from  one  direction.  After  the  stream 
turns  to  the  north  the  drainage  on  the  east  is  into  the  smaller  &ti»[un& 
which  ties  in  the  foothiila  below.  The  moat  \n\jet««X\ii%  ^gfoviNSn^ 
o/  the  topt^rapby  of  this  stream  is,  however,  ttift  twX  'OosA.  "ft 
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not  leave  t^e  mountaUi  in  h  valley,  hut  on  a  ridge,  tlie  mouth  of  Ibe 
canyon  of  Pinej-  Creek  beinj;  ntsar  the  sniumit  of  the  divide  whieh 
Beparates  the  drainage  of  Tongue  and  Powder  rivers.  This  divide  is 
an  elevated  spar  of  the  maiii  range  known  as  Ma.ssacreHilL  Itleaveii 
the  mountain  alniuat  at  a  right  angle  and  extends  for  a  coosidetabte 
diBtanoe  eaBtwat^].  At  one  point  Piney  Creek  is  within  50  feet  of  ib 
Bammit.  After  that  it  tumbles  down  into  the  valley  which  brndcru 
its  eaatem  Blope. 

Mead,  Pompey,  Jenks,  and  Murphy  creeks,  which  form  Prailie  !>« 
Creek,  s  trlbabiry  of  Powder  River,  rise  on  the  uortheru  slope  tf 
MasBBore  Hill  almost  directly  opposite  the  point  where  Piney  Ciwi; 
80  nearly  appronches  its  summit,  as  shon-n  in  fig.  2.  Originally  tliL< 
sbream  was  of  little  importance.  It  lacked  the  snowfall  nect^aar?'  '•• 
a  perennial  water  supply,  and  although  a  few  springs  are  foand  aloe^ 
itB  obannel,  the  volume  available  for  irrigation  was  iosignifieaol.  I' 
was  an  easy  project,  however,  to  carry  water  from  Piney  Creek  over 
the  divide,  as  shown  in  fig.  4  aud  in  PI.  IV,  and  turn  it  into  llti; 
stream.  Three  ditches  have  been  built  for  this  purpose.  Thew 
ditches  follow  the  prevailing  practice  of  this  region  in  making  nataral 
ohannelfi  a  part  of  the  ditch  system.  The  owners  of  one  ditafa  live 
along  Prairie  Dog  Creek  for  15  miles.  The  wat«r  tuviiod  fnatUi'' 
head  is  taken  out  by  umall  ditches  which  divert  the  creok  nearthar 
taima.  There  are  84  appropriations  through  the  ditch  of  the  Pnurie 
Dog  Water  Sapply  Company  which  are  diverted  from  tbs  BBCOsd 
stream  throngh  a.  score  of  smaller  ditches. 

Before  the  sn]iplemeDtul  water  supply  had  Iieen  provided  a  oonbei 
of  settlers  filed  on  land  along  Prairie  Dog  Creek  and  bnllt  ditehf^ 
therefrom.  Some  of  these  settlers  became  part  owners  of  the  ditdli  t'* 
provide  an  additional  water  supply;  others  did  not,  so  that  thehnnl 
again  had  to  deal  with  three  kinds  of  rights  from  the  same  tduoiul— 
rights  to  the  natural  flow,  rights  to  the  water  turned  iu,  and  rights  lo 
both  combined. 

There  was  a  further  complication  iu  tliis  case.  Prairie  Dog  (^wk 
is  a  part  of  the  drainage  system  of  'I'ongue  River,  and  if  cb^nap' 
lines  had  to  be  regarded,  it  belonged  to  that  district;  but  Binoe  pno 
tieally  the  entire  water  supply  came  from  Piney  Creek,  the  tsipl 
mled  that  water  supply  rather  than  the  slope  of  the  conntiy  ihOQU 
govern  its  supervision,  and  this  portion  of  the  drainage  of  ToogOf 
River  was  made  a  part  of  the  Clear  Creek  district. 

StJMMARY   OP  RIGHTS   TO   WATER. 

The  diagrammatic  map  of  the  irrigation  system  from  Clear  Gwt 
{fig-  2)  gives  the  location  of  the  ditches,  with  the  priority  ntunberf 
of  their  appropriations.  A  full  list  of  these  is  given  in  the  Thini 
Biennial  Report  of  the  State  Engiueerof  Wyoming,  1805-96,  p»g« 
18 J  to  194. 
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The  amount  of  each  of  the  appropriations  was  fixed  by  the  acreage 
shown  by  the  proof  to  have  been  irrigated,  1  cubic  foot  per  second 
being  allowed  for  each  70  acres.  On  Crazy  Woman  Creek  it  will  be 
remembered  the  appropriations  were  based  on  the  claims  filed  by 
appropriators,  without  regard  to  the  actual  use  of  the  water.  On 
French  Creek  appix)priations  were  based  on  the  areas  reclaimed,  with- 
out regard  to  the  volume  of  water  described  in  the  original  statement 
of  claim.  The  relation  of  these  claims  to  the  actual  use  of  water  in 
irrigation  is  shown  by  the  comparison  of  the  volume  claimed  and  the 
volume  appropriated  on  French  Creek,  as  given  in  the  table  below. 

Volumes  appropriated  on  French  Creek  as  fixed  by  the  order  of  the  board  of 
control  and  volumes  claimed  in  appropriators*  statements. 


Priority 
nnznber. 

Name  of  ditch. 

Name  of  appropriator. 

Volume  ap- 
propriated 
in  decree, 
in  cubic 
feet  per 
second. 

Volume 
claimed  in 

original 

statement, 

in  cubic 

feet  i>er 

second. 

1 
2 

Sneider  No.  1 

MoellerNo.  1 

MoellerNo.  2 

MoellerNo.  8 

Mary  L.  Carpenter  et  al . . . 
Alice  S.  Bapelyen 

1.64 

1.07 
.60 

4.28 
.50 
.43 
.17 

1.57 
.28 

8 
6 

2 

do 

8 

8 

do 

18.  ©7 

4 

John  A.  Fisher  No.  1 . 
John  A.  Fisher  No.  2. 
Mayhew  &Gk)rgen.. 
Dundee 

John  A.  Fisher 

8.85 

4 

do 

28.15 

4 
5,7 

Robert  Foote 

do 

12.40 
8.2 

6 

Gorflren 

Peter  Gor&ren 

18.  ©7 

Total 

» 

10.44 

88.04 

It  will  be  seen  from  the  totals  that  the  appropriations  established 
by  reason  of  beneficial  use  amounted  to  only  about  one-tenth  of  those 
claimed.  The  ratio  on  all  of  the  streams  of  this  district  could  not 
be  determined,  because  many  of  the  claims  were  for  the  "unappro- 
priated waters  of  the  stream,"  designating  no  specific  volume;  but  if 
these  claims  to  whole  streams  were  excluded,  the  claims  for  a  definite 
volume  alone  were  largely  in  excess  of  the  actual  use,  as  will  be  seen 
by  the  following  comparison,  in  which  all  of  the  claims  for  indefinite 
amounts  have  been  thrown  out. 
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rfuTOcji  claimed  and  volxtmea  actuallg  uaed  on  ttrtamn  in  taiUr  diatriet  Xa  Km 
cabie  ftet  per  tetond. 


Total  Oear  Greet !  332.78 

Total  Bock  Creak  -.  - 187.«1 

Total  Saylea  Creek a  18 

TofcftlJobnson  Creek 8,13 

Total  Piney  Creek 8M.88 

Total  Shell  Creek 5.58 

Qraad  total 772.13 


AU^OWANCE  FOR   LOSS  OF  WATSR  IN  TRANSUISSION.  I 

Among  the  iDteresting  questions  raised  in  this  adjndic&tion  vu    I 
tbe  extent  of  the  loss  of  water  from  canals  by  seepage  and  evapora- 
tion and  the  authority  of  the  board  to  provide  for  this  by  an  increas* 
in  the  appropriation. 

In  the  original  order  of  the  board  no  such  allowance  was  made,  il 
heing  held  that  1  cubic  foot  per  second  for  each  70  acres  is  so  much 
in  excess  of  the  requirements  of  crops,  when  tlie  water  is  distrib- 
uted with  reasonable  skill  and  economy,  that  it  will  provide  for  all 
necessary  loss  in  tran-sportatiou. 

The  Wyoming  Land  and  Cattle  Company  was,  however,  dissatiBdeil 
with  this  decision,  and  on  this  and  other  gronads  asked  for  and 
obtained  a  rehearing,  at  which  measarementa  were  presented  showing 
the  losses  taking  place  between  the  head  gate  and  the  place  of  use. 

The  conditions  on  this  ditch  are  somewhat  unnsnal  and  need  to  be 
stated  in  order  that  the  resnlts  may  he  properly  interpreted.  Tbe 
head  gate  of  the  ditch  ia  on  what  was  formerly  the  Fort  McEinne; 
military  reservation,  near  the  month  of  the  canyon  and  3  miles  above 
the  town  of  Buffalo.  At  the  time  of  these  measuremente,  irrigatioD 
from  the  ditch  or  above  the  ditch  was  not  permitted  within  the  res- 
ervation limits.  After  crossing  its  boundary  the  ditch  passes  for 
several  miles  around  and  across  a  series  of  ridges  on  the  slopes  of 
which  losses  by  seepage  are  considerable.  In  the  ravines  between 
these  ridges  and,  in  one  place,  along  a  slope  which  the  ditch  croeaes 
there  are  beds  of  sand  where  the  loss  from  percolation  is  so  great  that 
flnmes  have  been  built  at  these  points.  For  10  miles  the  following 
conditions  favor  an  exceptional  loss: 

The  land  through  which  the  ditch  is  bnilt  is  not  irrigated  and 
local  atmospheric  conditions  favor  rapid  evaporation. 

It  is  the  highest  ditch  and  therefore  gains  nothing  from  the  irrigation 
of  lands  above. 
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The  arid  land,  the  steep  slopes,  and  the  stretches  of  sand  all  add  to 
the  drain  by  percolation. 

The  measurements  submitted  were  made  in  1896  and  1897  by 
Fred  Bond,  a  civil  engineer  of  Buffalo,  Wyoming,  and  were  made  in 
the  following  manner:  A  rectangular  weir  4.75  feet  in  length  was 
placed  in  the  ditch  immediately  below  the  head  gate,  and  a  similar 
weir,  with  a  length  of  5.75  feet,  was  placed  in  the  ditch  near  the  lands 
to  be  irrigated,  10  miles  from  the  first  weir  and  56  feet  below  it,  that 
being  the  fall  of  the  ditch  in  this  distance.  It  was  found  by  experi- 
ments that  it  took  from  eleven  to  thirteen  hours  for  water  to  pass  from 
one  weir  to  the  other.  Hence  in  making  these  tests  the  measurements 
at  the  upper  weir  were  taken  in  the  morning  and  those  at  the  lower 
weir  in  the  evening,  in  order  to  measure  as  nearly  as  possible  the  same 
supply.  The  tables  which  follow  give  the  results  obtained,  that  for 
August  27  being  evidently  due  to  an  error  in  measurement  or  to  dis- 
turbance by  storms. 


Lo88  of  water  in  transmission  through  ditch  of  Wyoming  Land  and  Cattle 

Company. 


Date. 


1896. 

July  10 

July  11 

July  18 

AngTi8t25.. 
August  27 . . 
August  28 . . 
Angnst  29  . . 
August  80 . . 
August  81 . . 
September  1 

1897. 

August  8  - . . 
August  9 . . . 
August  10 . . 
August  11.. 
August  12 . . 
August  24 . . 


Depth  of 

water  on 

ai>per 

weir,  in 

feet. 


0.83 
.82 
.76 
.65 
.62 
.60 
.59 
.59 
.59 
.58 


0.562 
.567 
.60 
.68 
.68 
.467 


Dl8- 

oharffe« 
IncaDic 
feet  per 
second. 


11.448 
11.328 
10.123 
8.058 
7.616 
7.152 
6.986 
6.986 
6.986 
6.799 


6.37 
6.69 
7.31 
8.59 
7.70 
6.99 


Depth  of 
water  on 

lower 
weir,  in 

feet 


0.56 
.55 
.55 
.50 
(?)  .58 
.46 
.45 
.44 
.45 
.44 


0.34 
.34 
.36 
.43 
.38 
.24 


DiBoharse, 

incnbic 

feet  per 

seoond. 


7.865 
7.642 
7.642 
6.876 
(?)9.270 
5.877 
5. 671 
5.547 
5.671 
5.547 


3.74 
3.74 
4.06 
5.27 
4.42 
2.24 


Total 
leakage 
in  flames, 
in  cubic 
feet  per 
second. 


(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 

(a) 
(a) 

0.068 
.09 
.125 
.08 
.047 

(«) 


Total 
loss,  in 

cubic 
feet  per 
second. 


3.583 
3.686 
2.481 
1.182 


1.275 
1.315 
1.439 
1.315 
1.252 


2.56 
2.86 
3.12 
3.24 
3.23 
3.76 


in 
percent. 


31.3 
82.6 
24.6 
14.7 


17.9 
18.9 
20.6 
18.9 
18.5 


40.2 
42.8 
42.8 
37.7 
42.0 
62.6 


a  Not  measured. 
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It  will  be  seen  by  examining  these  tables  that  the  x>Qrcentage  of 
loss  when  a  small  volume  of  water  was  canied  was  much  greater  than 
when  the  depth  was  increased,  seepage  and  evaporation  being  appar- 
ently about  constant.  If  the  board  took  the  maximum  loss  of  over  60 
per  cent  as  a  basis  for  an  order  increasing  the  original  right  so  as  to 
give  1  second-foot  for  each  70  acres  irrigated  at  the  place  of  use,  it 
would  result  in  nearly  double  the  original  appropriation,  while  if  the 
minimum  loss  of  less  than  15  per  cent  were  made  the  basis  of  a  new 
right,  this  action  would  require  so  slight  a  change  as  not  to  warrant 
a  modification  of  the  order. 

The  board  refused  to  grant  the  additional  allowance.  The  rehear- 
ing established  a  right  to  water  for  an  additional  acreage  and  increased 
the  volume  to  be  turned  into  the  ditch.  As  the  loss  from  seepage  and 
evaporation  seems  about  constant,  and  does  not  materially  increase 
when  the  ditch  is  full,  the  larger  the  amount  turned  in  the  smaller 
the  percentage  of  loss.  Hence,  with  the  larger  right  a  minimum  loes 
of  less  than  15  per  cent  may  be  expected. 

Fort  McEinney  has  since  been  abandoned  and  the  reservation  will 
soon  be  largely  irrigated.  It  is  believed  that  the  percentage  shown 
by  the  measurements  will  decrease  in  the  future  by  the  building  of 
ditches  above  this  one  and  the  irrigation  and  saturation  of  the  land 
below  it. 

The  allowance  of  1  second-foot  to  70  acres  being  in  excess  of  actnal 
needs  was  regarded  as  suf&cient  to  meet  the  average  loss  from  the 
ditch  at  the  present  time  and  ample  to  meet  the  ultimate  decrease. 

The  wide  variation  between  percentages  in  the  months  when  the 
use  is  heavy  and  in  the  later  ones  when  the  use  is  small,  would  make 
the  establishment  of  a  satisfactory  or  just  appropriation  to  meet  this 
loss  difficult,  if  not  impossible,  while  the  probability  of  a  progressive 
decrease  in  such  loss  would  make  it  unwise  to  interfere.  Even  if  the 
proportion  allowed  agreed  with  the  conditions  when  made  there  is 
small  likelihood  of  such  agreement  five  years  hence. 

The  board  held,  therefore,  that  the  making  of  appropriations  in 
excess  of  the  statutory  limit  would  not  be  approved ;  but  that  where 
satisfactory  proof  of  unpreventable  losses  in  transit  made  it  apparent 
that  the  volume  remaining,  when  the  land  was  reached,  would  not 
produce  crops,  a  temporary  increase  would  be  provided  for  by  an 
administrative  order  to  the  water  commissioner. 

OWNERSHIP    IN    DITCH    NOT    NECESSARY  TO  THE  ACQUIREMENT  OF  A 

WATER  RIGHT. 

One  of  the  parties  submitting  proof  of  the  beneficial  use  of  water 

from  Piney  Creek  was  John  Leitner,  who  showed  to  the  satisfaction 

of  the  board  that  he  had  irrigated  and  reclaimed  15  acres  of  land 

through  the  Upper  Phil  Keavrvey  dvVeVi.    'Y\i^  \ici^\vi  \s>j  q,\^^^  <i^<ftj> 
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lished  the  right  to  water  for  this  land  through  said  ditch.  In  his 
proof,  Leitner  stated  that  he  was  a  part  owner  of  the  ditch  through 
which  the  appropriation  was  made,  and  this  claim  was  not  contested 
in  the  proceedings  before  the  board.  Subsequent  litigation  arose 
over  the  ownership  of  the  ditch,  and  the  court  decided  that  Leitner 
had  no  interest  in  it,  but  that  Thomas  J.  Foster  was  the  sole  owner. 
Following  this  decision  Foster  requested  the  board  of  control  to 
amend  its  records  by  making  him  the  owner  of  the  water  right  for  15 
acres  of  land  acquired  by  Leitner  through  the  use  of  the  water  in  its 
irrigation.  Foster's  request  was  based  on  the  contention  that  his 
ownership  of  the  ditch  made  him  the  owner  of  all  the  water  it 
diverted  or  of  all  the  rights  to  water  acquired  through  it. 

As  it  is  the  belief  of  the  board  that  rights  to  water  for  irrigation, 
in  the  State  of  Wyoming,  do  not  inhere  either  in  the  man  who  filed 
the  claim  or  in  the  ditch  which  carried  the  water,  but  in  the  land 
reclaimed,  the  request  for  a  transfer  of  the  right  from  both  the  place 
where  acquired  and  from  the  man  who  acquired  it  did  not  seem  well 
fonnded;  but  recognizing  the  importance  of  the  question  involved, 
the  board,  before  rendering  a  decision,  asked  the  advice  of  the 
Attorney-General.     The  letter  of  inquiry  and  the  reply  were  as 

follows: 

Cheyenne,  Wyo.,  March  20 ^  1896. 

Dear  Sm:  The  State  board  of  control  is  in  receipt  of  a  x)etltion  for.  review  of 
the  order  determining  the  priorities  of  water  from  Piney  Creek  and  tributaries, 
and  requesting  that  the  board  of  control  cancel  a  certain  certificate  of  appropria- 
tion of  water  to  John  Leitner,  guardian,  and  find  that  Thomas  J.  Foster  is  the 
sole  owner  of  the  Upper  Phil  Kearney  ditch. 

The  board  of  control  has  given  careful  consideration  to  this  petition,  and  to  the 
order  of  the  court  determining  the  ownership  of  the  Upper  Phil  Kearney  ditch, 
and  has  examined  the  evidence  submitted  before  said  board  in  the  adjudication 
referred  to.  We  find  that  the  testimony  submitted  showed  that  Leitner  had  irri- 
gated the  land  for  which  an  appropriation  was  issued  through  the  Upx)er  PhU 
Kearney  ditch  and  was  entitled  to  an  appropriation  therefor,  and  after  a  reexami- 
nation of  the  evidence  the  board  is  of  the  opinion  that  the  decree  establishing  this 
appropriation  was  correct. 

In  awarding  an  appropriation  for  the  particular  land  for  which  an  appropriation 
was  claimed  by  said  Leitner,  the  board  did  not  attempt  to  determine  that  he  had 
any  ownership  whatever  in  the  ditch  of  Mr.  Foster.  It  simply  decided  that  the 
evidence  submitted  showed  that  the  water  had  been  transported  through  this 
ditch.  The  board  has  always  held  that  its  authority  is  restricted  to  the  examina- 
tion and  determination  of  the  facts  showing  the  application  of  the  water  of  the 
State  to  beneficial  use  and  the  rights  thereby  created,  and  that  it  could  not  deter- 
mine the  property  rights  in  ditches  through  which  the  water  was  conducted. 
That  question  has  been  before  the  board  repeatedly  and  the  decisions  have  been 
uniform.  In  the  same  way  the  board  is  now  of  the  opinion  that  it  is  not  within 
its  jurisdiction  to  say  that  Mr.  Leitner  is  or  is  not  a  part  owner  in  the  Foster 
ditch.  The  decree  of  the  court  is  regarded  as  determining  that  fact,  but  its  valid- 
ity or  effect  will  not  be  in  any  way  enhanced,  in  our  opinion,  by  an  assmnption 
on  the  part  of  the  board  that  it  has  authority  to  in  any  way  determine  such  facts. 

We  have,  by  order,  instructed  the  division  superintendeiit  to  TiQ»\\t*3  ^XiL^^^^Kt 
commiBBioner  of  the  effect  of  the  order  of  the  conTt,and  Vli^iaA*  >)cl<^  «3£lo'^qxl\»  ^1  '^^ 
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appropriation  through  the  Upper  Phil  Kearney  ditch  has  been  rednoed  by  nidi 
order  by  the  amount  necessary  for  the  irrigation  of  15  acres,  but  we  do  nol 
feel  authorized  to  cancel  the  certificate  of  Mr.  Leitner.  We  believe  if  ha  ein 
secure  satisfactory  arrangements  for  the  transportation  of  the  water  appropriated 
through  the  Upper  Phil  Kearney  ditch  by  giving  suitable  oompensation  to  Mr. 
Foster  for  the  service  rendered,  or  if  he  can  make  arrangements  for  the  transpor- 
tation of  the  water  appropriated  for  this  land  through  some  other  ditch,  he  has  a 
perfect  right  under  our  laws  to  do  so,  and  that  the  appropriation  for  the  land  is 
not  destroyed  by  the  fact  that  he  is  not  part  owner  in  a  particnlar  ditch. 

Recognizing  the  importance  of  the  questions  raised,  and  desirin^^  to  avail  (mt- 
selves  of  your  assistance  in  their  proper  solution,  we  shall  be  pleased  if  you  csd 
advise  us  as  to  whether  or  not,  in  your  judgment,  the  board  has  any  authoritf 
whatever  to  determine  or  pass  upon  property  rights  in  ditches,  and  whether  or 
not  the  decree  of  the  court  in  this  case  makes  it  mandatory  ui)on  ns  to  cancel  the 
certificate  of  appropriation  of  said  Leitner. 

Respectfully  submitted. 

Elwood  Mead, 

President  State  Board  of  Control 

Hon.  B.  F.  Fowler, 

Attomey-Oeneral,  Cheyenne,  Wyo, 


March  28,1896. 

Dear  Sir:  Replying  to  your  conmiunication  of  March  ISO,  with  reference  to 
the  application  of  Thomas  J.  Foster  for  a  review  of  your  decision  g^raating  a  oe^ 
tificate  of  appropriation  to  John  Leitner,  guardian,  in  which  application  for 
review  Mr.  Foster  claims  to  be  the  sole  owner  of  the  Upper  Phil  Kearney  ditdi, 
and  presents  a  decree  of  the  district  court  of  Johnson  County,  in  an  injunctkn 
suit  brought  by  Mr.  Foster  against  Mr.  Leitner,  the  decree  establishing  the  owH' 
ership  of  Mr.  Foster : 

I  desire  to  state  that  while  the  State  board  of  control  was  correct  in  respecting 
the  decree  to  the  extent  of  instructing  your  water  commissioner  that  the  amount 
of  the  appropriation  for  the  Upper  Phil  Kearney  ditch  should  be  reduced  by  the 
amount  of  water  granted  therein  to  Mr.  Leitner  for  the  irrigation  of  fifteen  acres, 
still  at  the  same  time  you  would  not  be  justified  in  canceling^  the  certificstie 
issued  to  Mr.  Leitner. 

While  there  are  allegations  in  the  x)etition  for  review  to  the  effect  that  Mr.  Leit- 
ner made  fraudulent  representations  to  your  board  with  regard  to  his  having  an 
interest  in  the  ditch  in  question,  still,  in  the  absence  of  an  affirmative  showing  of 
such  fraud,  there  would  certainly  be  no  authority  on  the  part  of  yonr  board  to  take 
this  for  granted  and  cancel  the  certificate  in  question.  The  decree  of  the  district 
court  of  Johnson  County  does  not  indicate  this,  nor  do  I  understand  that  affid^ 
vits  or  other  proof  have  been  filed  at  this  time  for  this  purpose.  The  petition 
which  is  filed  is  not  in  the  nature  of  a  petition  for  rehearing,  and  I  am  of  the 
opinion  that  this  question  can  not  be  properly  reached  by  your  board  in  any  otha* 
manner,  and  unless  with  the  application  for  a  rehearing  proof  should  be  presented 
to  your  office  showing  that  at  the  time  Mr.  Leitner  used  the  Phil  Kearney  ditch 
he  did  so  as  a  trespasser  and  without  the  consent  of  Mr.  Foster,  then  your  certifi- 
cate should  stand. 

As  to  whether  or  not  Mr.  Leitner  is  able  to  use  the  water  in  the  future  is  cer 
tainly  not  a  question  to  be  considered,  as  under  the  statute  he  is  given  two  years 
before  he  can  be  charged  with  abandonment,  and  if  during  that  time  he  shonld 
build  a  new  ditch  or  arrange  with  Mr.  Foster  or  some  other  ()erson  to  conduct  the 
water  from  the  stream  in  question  upon  his  land,  he  would  be  entitled  to  appro- 
priate  enough  to  irrigate  fifteen  acrea. 
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Ab  to  the  claim  that  there  is  a  clond  npon  the  title  to  Mr.  Foster's  ditch  by  your 
granting  the  certificate,  this  is  certainly  a  mistake,  and  as  Mr.  Foster  would  not 
get  the  benefit  of  the  water  for  the  fifteen  acres  which  is  appropriated  by  Mr. 
Leitner,  I  can  certainly  see  no  advantage  to  Mr.  Foster  in  securing  the  cancella- 
tion of  the  certificate  in  question. 

Be8i>ectfully  submitted. 

Benjamin  F.  Fowler, 

Attorney-General, 
Hon.  Elwood  Mead, 

State  Engineer,  Cheyenne,  Wyo, 

The  reply  confirmed  the  board's  views  and  the  request  was  refused, 
Sir.  Leitner  being  given  two  years  in  which  either  to  build  a  new  ditch 
>r  to  arrange  with  Mr.  Foster  for  the  transportation  of  the  water  to 
vhich  he  was  entitled  through  the  Upper  Phil  Kearney  ditch. 

DISTRICT  4. 

1*his  district,  shown  in  figs.  1  and  5,  includes  Big  Goose  Creek  and 
ts  tributaries.  Little  Goose  Creek  is  by  far  the  most  important 
iributary,  the  acreage  irrigated  along  its  valley  being  greater  than 
Hong  the  valley  of  the  main  stream.  Among  the  smaller  tributaries, 
Soldier,  Rapid,  and  Beaver  creeks  are  the  principal  branches  of  Big 
Soose  Creek,  while  Jackson,  Hanna,  Tepe,  Davis,  Trabing,  Kemp, 
Jackett,  and  Eruse  creeks  are  all  branches  of  Little  Goose  Creek, 
irliich  aid  in  augmenting  its  fiow  and  from  which  lands  are  irrigated. 
Sere,  as  in  the  Clear  Creek  district,  the  principal  stream  drains  the 
^umniit  of  the  range  and  cuts  off  the  late  water  supply  of  the  smaller 
tributaries,  and  here  also  irrigators  along  these  smaller  tributaries 
[lave  taken  advantage  of  the  topography  of  the  country  to  relieve  their 
shortage  by  carrying  water  across  the  divides.  This  transfer  of  water 
from  one  stream  to  another  has  been  carried  to  such  an  extent  in  this 
iistrict  that  some  users  get  water  from  half  a  dozen  sources.  Irriga- 
tors near  the  lower  end  of  Little  Goose  Creek  have  the  natural  flow  of 
the  stream,  water  from  Piney  Creek,  and  from  three  ditches  from  Big 
Gk>ose  Creek,  making  in  all  five  separate  sources  of  supply.  These 
transfers  from  one  watershed  to  another  and  this  extended  use  of 
streams  as.  parts  of  ditch  S3^stems  have  undoubtedly  greatly  extended 
the  acreage  of  land  reclaimed,  but  it  has  at  the  same  time  enormously 
increased  the  difficulty  of  determining  and  protecting  rights.  Deter- 
mining the  rights  to  one  stream  is  hard  enough,  because  of  the  uncer- 
tainty and  conflicts  of  early  records,  but  when  these  uncertainties 
embrace  four  or  five  sources  the  problem  is  infinitely  more  complex. 
Take  as  an  illustration  the  rights  to  water  through  the  Last  Chance 
ditch.  Its  head  gate  is  in  Little  Goose  Creek.  Whenever  there  is  a 
surplus  in  this  stream  irrigators  take  from  the  nearest  source.  When- 
ever the  supply  is  inadequate  a  ditch  owned  by  the  same  persons  divert- 
ing water  from  Big  Goose  Creek  is  opened  and  water  is  used  from  that 
stream.    These  irrigators  have  therefore  e8ta\A\a\i^^  ».  T\!^\i  \si  ^^\k^ 
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from  both  streams.  The  question  which  confronted  the  board  was.  How  | 
to  frame  a  decree  which  would  give  to  these  irrigators  the  right  to  Uke 
water  from  both  streams  and  at  the  same  time  limit  it  to  a  sin^ 
appropriation.  If  it  was  absolutely  certain  that  water  rights  wooM 
remain  attached  to  the  land  where  acquired  and  the  decree  coold  lun 
been   so   wonlod   as  simply  to  give  this  land  whatever  water  wu 
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needed,  there  would  have  been  little  trouble  in  preparing  the  eMifl- 
cates,  but  the  statutes  of  Wyoming  prescribe  the  form  of  certlfiMEtWof 
appropriation  and  require  the  board  issuing  them  to  give  the  TOllime 
appropriated  in  cubic  feet  per  second  continuous  flow.  Itiraaneeefr 
sarj'togive  the  same  number  of  second-feet  from  each  stream,  and  to 


I  - 


*  I 


!'  : 


^y 


i! 


[I 


.m 


APPB0PRIATI0N8   FROM  TONGUE   BIVEB.  45 

this  continuous,  since  there  is  no  authority  in  the  law  for  limit- 
e  appropriation  to  certain  months  or  to  certain  portions  of  the 
ion  season.  The  board  endeavored,  in  framing  its  order,  to 
it  any  claim  to  a  double  appropriation  being  set  up  in  the 
.  But  its  success  will  largely  depend  upon  the  decision  of  the 
ne  court  as  to  whether  rights  acquired  under  the  Territorial  law 
)  sold  and  transferred  to  other  lands.  If  this  right  should  be 
1,  there  is  no  question  that  the  right  to  dispose  of  the  appropria- 
rom  one  of  these  streams  will  become  a  matter  of  litigation, 
use  of  two  ditches  to  divert  a  single  appropriation  and  the  use 
itural  stream  as  a  part  of  the  canal  system  made  it  dif&cult  to 
orities.  Many  of  the  ditches  from  Little  Goose  Creek  were  con- 
3d  prior  to  those  which  turn  water  from  Big  Goose  Creek  and 
Liferent  priority  numbers.  Hence  the  same  tract  of  land  has  a 
d  appropriation — the  two  parts  coming  from  different  sources 
iving  different  priorities. 

boundaries  of  district  No.  4  are  based  on  drainage  lines,  and 

o  the  beginning  of  irrigation  there  was  no  connection  between 

*eams  of  this  district  and  those  on  either  side  above  the  mouth 

Gk)ose  Creek.     There  are  three  places  at  which  water  is  trans- 

from  one  district  to  another.     It  is  turned  from  the  North 

)f  Big  Goose  Creek  into  the  head  of  Wolf  Creek  in  water  district 

and  by  the  Patrick  ditch  from  Big  Goose  Creek  across  Soldier 

,  and  thence  into  Wolf  Creek  at  a  point  about  12  miles  farther 

and  on  the  south  water  is  turned  into  Little  Gk)ose  Creek  by 

the  canals  from  Piney  Creek,  so  that  drainage  lines  are  being 

;  obliterated.     When  the  Granger  canal  is  completed  there  will 

intinuous  connection  by  ditches  from  Powder  River  on  the  south 

Montana  boundary,  a  distance  of  100  miles,  uniting  four  districts. 

mary  of  the  appropriations  of  water  in  this  district  is  given  in 

-st  Biennial  Report  of  the  State  Engineer  of  Wyoming,  1891-92, 

XXV  to  XXX,  and  continued  in  the  Third  Biennial  Report,  1895-96, 

177  and  180. 

DISTRICT   5. 

listrict  No.  5,  shown  in  figs.  1  and  6,  the  cost  of  ditches,  rather 
he  adequacy  of  the  water  supply,  governed  the  location  of  the 
first  reclaimed.  Tongue  River,  the  main  stream,  has  still  a 
volume  unappropriated,  which  each  year  runs  to  waste,  but  on 
ber  of  its  tributaries  there  are  more  lands  under  ditch  than  these 
IS  will  fertilize.  This  condition  of  affairs  is  due  to  the  fact  that 
building  from  Tongue  River  is  expensive,  as  shown  in  PI.  V. 
the  stream  leaves  the  mountains  the  grade  of  its  channel  is  very 
knd  the  valley  narrow.  On  both  sides  are  high  bluffs  with  very 
rrigable  land  along  their  slopes,  while  to  reach  the  table-lands 
requires  long,  crooked  ditches  with  many  dikes  or  flumes^  where 
»  or  tributary  streams  have  to  be  crossed. 
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Th^  shortage  of  watOT  on  ihv  tributariefi  l«d  to  early  qudiTet.  ot« 
its  dirttiioD.     LitifTstion  over  vater  rights  on  Wolf  (east  of  ar«i  dum 
on  fig.  6),  jVmsden,  Smith,  aod   Hewes  (or  Columbus)  creeks  b«cu 
when  Wyoming  was  a  Territory,  bat  no  eoncluflion  had  be^n  r««rii(d 
when  the  SUie  law  went  into  effect-     The  tertimony  which  had  bea 
Uken  in  this  litigation  was  transferr^  to  the  board  of  oonirol,  ud 
these  streams  were  among  the  first  to  b«  dealt  with  by  that  budf 
Since  the  prioritiea  "in  these  tribntaries  were  earlier  than  tbeaRiw 
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n  appeal  from  the  board's  order  was  taken  by  the  second  appro- 
,tor  from  Amsden  Creek.  This  appropriator  was  allowed  0.86  of 
ibic  foot  per  second  for  the  irrigation  of  60  acres  of  land,  the  loca- 
of  the  land  being  described.  The  appeal  was  based  on  the  claim 
)  water  for  150  acres  had  been  appropriated,  and  made  it  neces- 
'-  for  the  court  to  rule  on  the  question  as  to  what,  under  the  Wyo- 
g  law,  constituted  an  appropriation.  The  following  extract  from 
proof  of  appropriation  gives  the  testimony  on  which  the  board 
ted  the  right  to  water  for  60  acres: 

lestion.  State  the  nnmber  of  acres  wateifed  each  snbseqaent  year,  and  giye 
egal  subdivisions  on  which  the  water  is  nsed. 

iswer.  Claimant  increased  the  amount  of  land  irrigated  each  year  from  1882 
le  present  time,  and  now  has  abont  60  acres  nnder  cnltivation  and  irrigation, 
lestion.  State  the  acreage  said  ditch  is  capable  of  watering,  and  show  on  a 
or  plat,  on  a  scale  of  3  inches  to  the  mile,  the  location  of  said  ditch  and  the 
it  is  capable  of  watering. 
LBwer.  One  hundred  and  fifty  acres. 

SHARKS. — Claimant  appropriated  water  sufficient  for  150  acres  of  said  land,  and 
claims  water  for  said  land.  He  does  not  use  said  water,  has  not  heretofore, 
if  farming  becomes  more  profitable  he  may  desire  to  cultivate  all  of  his  land, 
his  appropriation  was  made  to  cover  all  of  said  land. 

will  be  seen  from  this  testimony  that  only  60  acres  had  actually 
1  watered,  but  that  the  claimant  stated  it  was  his  intention  at 
e  future  time,  when  irrigation  became  more  remunerative,  to 
er  more  land.  The  map  made  by  the  State  engineer's  office  showed 
)  about  100  acres  of  land  belonging  to  the  claimant  could  be 
ered,  but  that  about  50  acres  of  land  belonging  to  other  parties 
Id  be  watered  from  this  ditch,  so  that  the  claim  for  a  possible  irri- 
on  of  150  acres  from  the  ditch  was  correct.  The  maps  and  proofs 
»ther  claimants  showed  that  about  435  acres  of  land  had  been 
aimed,  and  the  actual  necessities  of  this  land  had  more  than 
Eiusted  the  water  carried  by  the  stream,  so  that  the  resulting  short- 
had  led  to  litigation  over  these  rights  prior  to  the  admission  of 
oming  to  statehood.  This  lack  of  an  adequate  water  supply  was 
5vn  by  the  gagings  made  by  the  State  engineer's  office,  the  volume 
fuly  being  5.25  cubic  feet  per  second,  while  the  aggregate  of  the 
ropriations  made  by  .the  board  of  control  on  the  restricted  basis 
he  necessities  of  the  land  reclaimed  was  6.21  cubic  feet  per  second, 
[le  claim  of  an  appropriation  for  150  acres,  instead  of  60,  had  been 
agnized  by  the  board,  the  water  for  the  additional  90  acres  would 
e  been  taken  away  from  lands  already  reclaimed  and  from  present 
PS,  to  be  held  as  a  speculative  property  by  this  claimant  until  it 
ime  valuable  enough  for  him  to  use,  or  until,  trading  on  the 
3ssities  of  those  now  using  it,  he  could  compel  them  to  purchase 
•om  him. 

he  evils  of  basing  appropriations  of  water  on  such  considerations 
Id  not  have  ended  with  this  individual.    It  \iia\>Q!Vv^l\Xva.\»\ifc^wiN.^ 
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at  some  ftiliire  tituo  require  water  enougli  for  150  acres  of  land  conatt- 
tatedau  appropriation,  the  belief  of  any  appropriator  on  ft  stream  tint 
he  might  at  some  future  time  use  more  water  would  also  have  entitled 
him  to  the  full  amount  of  his  probable  necessities,  and  appropriatiou 
wonld  be  fixed  not  by  physical  conditions,  hut  by  the  i>tate  of  men's 
minds  when  filing  claims.  The  Srst  appropnation  on  this  stream  «ai 
for  water  sufl^cient  to  reclaim  100  acres,  bnt  the  owners  of  that  diteh 
had,  prior  to  the  adjudication,  enlarged  it,  and  had  actually  reclaimed 
110  aer«s  additional,  for  which  they  received  at  the  hands  of  the  boud 
of  control  an  appropriation  having  a  later  priority.  If,  however,  tbi 
contention  of  the  ajfpealiug  appropriator  bad  been  sustained,  Iba 
appropriator  holding  the  first  priority  could  have  maintained  thatlv 
had  intended  to  appropriate  the  whole  stream  and  have  taken  i, 
while  the  other  five  appropriators,  including  the  party  appealingfron 
the  boai-d's  decision,  would  have  been  compelled  to  look  to  him  rathei 
than  to  the  mountains  for  their  water  supply. 

It  seems  strange  that  such  an  indefinite  and  unreasonable  basis  for 
water  pightji  should  ever  have  had  any  defenders  or  received  serious 
consideration;  but  antil  the  court  sustained  the  board's  rnlingpoblie 
opinion  in  the  State  was  very  evenly  divided  as  to  the  legality  of  lb» 
action.  The  reason  for  this  lies  in  the  fact  that  the  evils  of  ihaK 
extravagant  grants  are  not  at  once  manifest.  The  term  "cubic  tort 
per  second"  is,  to  the  majority  of  irrigators,  wholly  mean  inglesa,  and 
this  fact  made  them  unable  to  appreciate  either  the  effect  of  an  allo*^ 
ance  of  their  claims  or  the  adequacy  of  the  appropriation  which  the 
board  of  control  had  approved.  When  a  claim  had  been  made  for  3), 
60,  or  HW  second-feet  of  water,  and  the  claimant  found  that  it  hid 
been  cnt  down  to  1,  2,  or  3  seeond-feet,  it  was  but  natural  Umtbt 
should  feel  aggrieved  and  be  inclined  to  look  with  distrust  ou  Uu 
assurance  that  this  volnme  was  entirely  sufficient  to  meet  all  hit 
requirements.  The  result  of  basing  appropriations  on  the  voIddib 
claimed  from  Amsden,  Smith,  and  Uewes  creeks  is  not,  however,  a 
matter  of  speculation. 

On  the  last-named  stream  twenty-eight  parties  submitted  proofs  ii! 
appropriations,  and  the  surveys  of  the  engineer's  office  showed  thsi 
each  of  them  had  used  water.  The  aggregate  volume  of  the  appro- 
priations approved  by  the  board  was  34.8  second-feet,  which  waste 
than  half  the  76  second-feet  claimed  by  the  first  five.  Subsequsnl 
experience  has  shown  that  the  volume  fixed  by  the  board's  order 
is  more  than  the  streiim  will  furnish,  and  some  of  the  later  appw 
priatore  are  now  building  a  ditch  from  Tongue  River;  but  if  llie 
stream  does  not  carry  Si  second-feet  it  certainly  would  not  have  sup- 
plied 76  second-feet,  and  the  allotment  of  this  volume  to  the  first  fin 
appropriators  would  have  left  nothing  for  the  remaining  twenty-thre^ 
It  is  manifest,  also,  that  they  have  never  used  more  than  the  stnan 
carries,  and  of  course  it  is  ivapossftiVe  Wi  ac*^\ife  »«.  a.^9copnatiia 
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without  ever  having  diverted  or  used  the* water.  The  injoatioe  of 
makiDg  these  claims  the  foimdation  of  adjudicated  rights  is  strikingly 
shown  in  the  case  of  this  stream.  The  claim  of  the  first  appropriator 
was  for  21  second-feet,  and  of  the  second  for  10  second-feet,  so  that  if 
these  two  had  been  given  all  they  asked  they  would  practically  have 
owned  the  stream. 

Smith  Creek  did  not  supply  enough  water  to  meet  the  actual  needs 
of  users  when  the  priorities  were  determined.  The  order  of  the 
board  limited  the  rights  of  all  the  appropriators  to  13.97  cubic  feet 
per  second.  This  was  probably  in  excess  of  the  volume  actually  used, 
but  it  was  a  great  reduction  from  what  was  claimed,  since  that  of  the 
first  appropriator  alone  was  for  150  second-feet,  or  more  thao  ten 
times  the  volume  which  the  stream  carries.  The  claimant  of  150 
second-feet  received  6  feet,  and  was  indignant  because  he  believed 
that  he  had  been  unjustly  deprived  of  the  difference. 

LITTLE  TONGUE  RIVER. 

The  rights  to  water  from  Little  Tongue  River,  the  principal  tribo- 
tary  of  Tongue  River,  have  not  as  yet  been  determined.  At  the  time 
of  the  adjudication  there  had  not  been  a  sufllciently  thorough  investi- 
gation  of  the  physical  conditions  to  enable  the  board  to  reach  a  satisfae- 
tory  conclusion  as  to  the  merits  of  some  of  the  questions  which  must 
be  decided.  One  of  these  is  a  physical  problem  of  great  interest.  It 
is  a  well-known  fact  that  all  of  the  streams  draining  the  eastern  slope 
of  the  Bighorn  Mountains  lose  more  or  less  water  through  underground 
channels.  One  of  the  branches  of  Powder  River  sinks,  to  reappear 
below  with  diminished  volume.  The  losses  on  the  South  Fork  of  Clear 
Creek  amount  to  a  considerable  percentage  of  its  entire  flow  daring 
the  latter  part  of  the  irrigation  season,  and  a  ditch  built  to  turn  water 
therefrom  into  Crazy  Woman  Creek  has  been  a  failure,  because  the 
water  diverted  disappeared.  But  of  all  these  stream.s  the  loss  in 
Little  Tongue  River  is  the  greatest. 

During  an  examination  made  five  years  ago  a  number  of  funnel- 
shaped  openings  were  discovered,  throng  which  large  volumes  of 
water  were  disappearing,  with  no  evidence  of  their  reappearance.  In 
one  case  the  volume  was  measured  and  was  found  Uj  be  in  excess  of 
3  cubic  feet  per  second.  In  the  places  examined  the  water  sinks 
where  streams  cut  across  the  upturned  edges  of  a  limestone  stratum 
of  great  thickness.  Whether  the  total  volume  lost  from  Little  Tongue 
River  is  greater  than  that  from  the  main  stream  is  a8  yet  unknown, 
but  the  percentage  is  greater  and  the  loss  more  apparent.  Those 
dependent  on  the  stream  have  made  many  efforts  to  a<§certain  the 
location  of  these  underground  channels  and  ck^rr^  them  up,  and 
much  has  been  accomplished  in  this  direction.  One  of  the  parties 
engaged  in  this  work  claims  that  the  water  thus  Haved  should  not  be 
subject  to  the  rights  of  appropriators  of  the  normal  <U«^Wwfe  Wl 
IRR23 i  ^  "^ 
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should  be  wholly  independent  thereof.    In  his  claim  for  a  separate 

right  and  for  its  adjudication  apart  from  the  rights  on  the  main 

stream  he  sets  forth  by  affidavit  the  facts  on  which  the  claim  is  baaed. 

The  affidavit  is  here  given: 

John  R.  Gatewood,  being  first  dnly  Bwom,  depoaea  and  saya  that  he  is  a  dtian 
of  the  county  and  State  aforesaid;  that  he  ia  the  person  deacribed  in  the  annexed 
''Application  for  a  permit  to  divert  and  appropriate  the  waters  of  the  State  of 
Wyoming/'  and  that  the  water  which  he  deairea  to  appropriate  from  the  Sontt 
Fork  of  the  Tongue  River,  one  of  the  natural  atreama  of  the  State,  is  water  wbad 
has  not  as  yet  been  appropriated  by  any  person  for  *'  beneficial  naea;"  tliat  in  Os 
said  South  Fork  of  Tongue  River,  back  in  the  mountains,  at  placee  deacribed  ii 
said  **  application,"  there  are  natural  holes  on  the  bottom  of  the  stream  tinough 
which  about  20  per  cent  of  the  natural  flow  of  said  water,  at  low  water,  eso^M 
into  the  earth,  and  that,  as  far  as  aflKant  has  been  able  to  ascertain,  does  not  agn 
run  into  said  stream  or  any  other  natural  stream,  but  is  wholly  lost;  that  and 
affiant  believes  that  he  can  save  said  water  for  beneficial  nses;  that  he  ie  tla 
owner  of  possessory  rights  to  agricultural  lands  in  said  county,  and  has  not  into 
to  reclaim  tlie  same,  and  that  by  being  allowed  to  save  this  water  he  verily  beliefed. 
and  does  believe,  that  he  can  secure  said  water  for  said  beneficial  usee. 

A  list  of  the  adjudicated  rights  in  water  district  No.  5  is  given  in  the 
First  Biennial  Report  of  the  State  Engineer  of  Wyoming,  1891-92, 
pages  jcxxiii  to  xxxvi  and  pages  xxiii  and  xxiv.  These  tables  are 
continued  in  the  Third  Biennial  Report,  1895-96,  page  176. 

APPROPRIATIONS  IN  DIVISION  III, 

On  the  west  side  of  the  range  but  little  has  been  done  by  the  State 
irrigation  authorities.  Rights  have  been  determined  in  the  sixth  dis- 
trict, but  not  in  the  fourth  and  seventh  (see  fig.  1),  there  being  so 
large  a  surplus  as  to  obviate  any  controversy  among  users. 

DISTRICT  6. 

The  following  order  and  tabulation  gives  the  rights  established  in 
the  sixth  district  and  the  form  in  which  the  entry  of  the  board's  action 
is  made  in  the  records  of  the  board  of  control: 

ORDER  ESTABLISHING  PRIORITIES  AND  AMOUNTS  OP   APPROPRIATIONS 
OF  Vi^ATER  FROM  NO   WOOD   RIVER  AND  ITS  TRIBUTARIES. 

In  the  matter  of  the  determination  of  the  rights  of  appropriators  of  water  frm 

No  Wood  River  and  tributaries,  in  water  division  No.  3,  Bighorn  Coimtj, 

Wyoming. 

In  this  matter  the  board  of  control  having  heretofore,  at  its  regular  meetiDK 
held  on  the  21st  day  of  March,  1896,  dnly  made  and  entered  an  order  for  the  ad- 
judication and  determination  of  the  rights  to  the  use  of  the  waters  of  No  Wood 
River  and  its  tributaries,  in  water  division  No.  3,  and  directing  the  State  enginw 
to  proceed  as  soon  as  possible  and  survey  and  measure  all  the  ditches  divertii^ 
water  therefrom; 

And  it  appearing  that  the  State  engineer,  in  pnrsoance  of  said  order,  after  gir 

ing  due  and  legal  notice  according  to  law  to  all  appropriators  from  said  stnaa 

and  its  tributaries,  did  survey  and  measure  all  the  said  ditches,  and  prepared  nd 

Sled  complete  maps  and  a  report  m  l\i^  o?^e^  ol  Wva  «a\d  board: 

Thereafter  N.  H.  Brown,  8upeTm\«Ti^eTv\,  ot  ^\^^^\«t  ^Vvs\syQ,^^j«^  ,^^j5s^4sjs 
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and  legal  notice  to  approprimton  of  water  fixing  the  time  and  place  of  receiving 
proof  of  ^ipropriation  from  said  stream  and  its  tribntaries,  did  appear  at  the  time 
and  place  fixed,  and  did  take  and  reoeiye  the  sworn  proofs  aiid  testimony  in  writ- 
ing of  all  persons  appearing  and  claiming  rights  to  water  in  said  stream,  and 
thereafter  expomed  said  proof  to  pabKc  inspection  on  a  day  fixed  according  to  law, 
and  said  proofo  having  been  examined  and  no  contests  having  been  institnted  were 
thereafter  dnly  filed,  with  bis  report  and  findings,  in  the  office  of  said  board; 

And  now  this  matter  coming  regolarly  on  for  hearing  and  determination  by  the 
board  of  control,  npon  the  records  in  the  State  engineer*s  office  and  the  proofs  of 
appropriation  dnly  taken  and  submitted  by  said  superintendent,  and  niion  the 
maps  and  report  at  sur?eys  and  measorements  of  streams  and  ditches  dnly  made 
by  the  State  engineer  and  bis  assistants,  and  the  board  having  now  examined  the 
records  in  the  State  engineer*s  office,  the  proofs  of  the  beneficial  nse  of  waU^r,  filed 
in  the  ofiBoe  of  said  board,  and  having  read  the  report  and  tabulation  and  heard 
and  considered  the  reconmiendations  of  said  N.  H.  Brown,  superintendent  of  said 
division  No.  3,  that  certificates  of  appropriation  be  issued,  and  the  IxNu-d,  Mng 
now  fully  advised,  finds  as  follows: 

FINDINOS. 

The  board  finds  that  the  appropriations  of  water  determined  and  establishef  I  by 
this  order  were  made  from  the  following-named  streams: 

No  Wood  Biver  proper  and  Bear  Creek,  Boxelder,  Upper  or  Little  Canyon  Creek, 
Crooked  Creek,  Otter  Creek,  Spring  Creek,  Tenaleep  Creek,  Brr>ken  Back  Creek, 
Alkali  Springs  Creek,  Paint  Bock  Creek,  all  tributaries  of  No  Wood  proper. 

Cherry  Creek,  tributary  of  Boxelder. 

North  Fork  Spring  Creek,  tributary  Spring  Creek. 

Lower  Canyon  Creek,  tributary  Tmsleep. 

North  Fork  Broken  Back,  tributary  Broken  Back. 

Buffalo  Flat  Creek,  tributary  Alkali. 

Medicine  Lodge  Creek,  tributary  Paint  Rock. 

Coon  Holler  or  Coon  Creek,  tributary  Spring. 

That  in  order  to  adjudicate  and  establish  the  rights  of  the  various  appropriatr>rs 
from  these  several  streams  it  is  necessary,  in  ad/lition  to  th^^  dot^;rmination  of  the 
order  of  priority  and  general  priority  number  of  t^ach  of  the  rights  to  water  from 
No  Wood  and  its  tributaries,  taken  as  a  whole,  for  the  (loard  to  determine  and 
establish  the  priorities  of  right  growing  out  of  appr^^priatioTis  from  each  of  said 
streams  as  between  the  appropriators  therefrom  themselvefl. 

The  board  finds  that  the  rights  of  appropriators  from  each  of  the  variouM  tribu- 
taries are  subject  to  the  rights  of  prior  appropriatom  on  the  main  stream  ^jelow, 
or  on  the  stream  into  which  said  tributary  flows,  and  U>  the^  rights  only. 

Subject  to  the  foregoing  limitations  and  condition*,  the  Ix^ard  finds  the  name  of 
the  appropriators,  the  priority  numbers  of  said  appro|>riatioriA,  the  iitAxirtinui 
amounts  thereof,  the  uses  for  which  the  wat^rr  wm  apTirox«riat/^l,  and  th^;  I^-K^l 
subdivisions  of  land  on  which  the  wat«r  appropriate]  i^  u,  t/h  n^:f\  and  t//  -nu.fh 
it  is  attached  are  as  set  forth  in  the  followiziir  Ubt^. 

It  is  therefore  ordered  by  the  board  of  controj  •ha*  «A^,r. '/  *r,t  f'..i'/ w.r./  /  a//."' 
appropriators  from  No  Wood  and  ite  tnbatarMan  aV.v^^  /.a//.//:  '>/  .'.*  r«;  u^.  ;^.  vf  ♦'-' 
water  of  the  stream  from  which  said  ap;^'>;;/riat«ori  wji*  u^^,  v/  /..//.  ',»  *  i./  u*  f-^* 
the  beneficial  purpose  for  which  t^ivir^  htA  P^  u,  '/.t^rt  a/./;  ♦.•.**  '-t^.  t.*^tu^^  '*^ 
the  appropriators, the  priority num)/!* <^  «/;r.  '/  «k^  »^f^'-^.-.->v/i.x  '■,,*.  *.  v^. 
mum  amounts  thereof,  the  nanMs  of  th*  4iv,ii**  ',t  '>u>?r  0;y*#ti«*ji^  wwm  -^-^  '  -^J- 
which  the  appropriation  is  made,  tfa*  dat«s  of  «a>l  i^vV'fyiUttm^^^^^^  ''' 
use  to  which  the  water  is  appropriate.  mA  rtut^  f//r  W«>|0#<^I^^^B"M  ^^ 
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of  the  land  to  which  the  water  appropiisted  la  attached, shall  be  the  saiMHl 
fitated  in  the  following  table  under  ita  appropriate  heading,  which  aoid  tabk  li 
hereby  made  a  part  of  this  order. 

It  ia  farther  ordered  that  each  of  the  appropriationB  for  Irrigatioii  shall  be  bqS- 
dent  for  the  economical  irrigation  of  the  land  deecribed  and  no  other,  not  k 
exceed  1  cnbio  foot  of  water  per  second  of  time  for  each  TO  acres  irrigated. 

HO  WOOD  BITEB  PBOPEB. 
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PAINT  ROCK  CREEK,  TRIBUTARY  OF  NO  WOOD  BIVEB— Conttnned. 
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It  is  further  ordered  that  certificates  of  appropriation  be  issued  to  the  said 
kppTopriators  in  accordance  with  the  provisions  of  the  foregoing  findings  and 
vrder. 

In  witness  whereof,  the  president  of  the  State  board  of  control  has  hereunto 
tet  his  hand  this  10th  day  of  March.  A.  D.  1898. 

KESEBVOLRS. 

By  drawing  on  the  larger  streams  when  the  smaller  ones  were 
exhausted  it  has  been  x)ossible  to  utilize  a  large  percentage  of  the 
Blow  from  the  east  side  of  the  range  without  resorting  to  storage, 
but  the  time  is  approaching  when  storage  will  be  necessary  if  the  re- 
(daimed  area  is  to  be  extended.  Storage  has  been  somewhat  delayed, 
because  there  is  no  law  at  present  defining  and  protecting  rights  to 
stored  water.  This  is  one  of  the  legislative  questions  to  be  dealt 
with  in  the  near  future.  Much  can  be  done  whenever  it  becomes 
necessary.  The  sites  for  mountain  reservoirs  are  both  numerous 
and  valuable.  From  the  summit  of  Cloud  Peak  over  100  mountain 
lakes  can  be  counted,  and  a  large  percentage  of  these  will  in  time  be 
utilized. 

Actual  construction  has  begun  on  only  one  of  these  reservoir  sites — 
Dome  Lake.  The  location  of  this  lake  is  shown  in  fig.  5,  and  a 
detailed  sketch  of  the  lake  and  surroundings  is  given  in  fig.  7.  The 
elevation  of  the  lake  is  8,720  feet,  as  determined  by  the  topographers 
of  the  United  States  Greological  Survey  during  the  season  of  1897. 
The  area  of  the  water  surface  is  320  acres,  the  average  depth  20  feet, 
and  the  total  flow  of  water  6,400  acre-feet.  The  estimated  cost  of  the 
reservoir  is  $50,000.  The  improvements  have  been  made  with  the 
double  object  of  storing  water  for  irrigation  and  of  making  this  point 
an  attractive  summer  resort. 

The  importance  of  the  lakes  on  the  head  waters  of  Piney  Creek  is 
clearly  shown  in  the  able  report  of  Capt.  Hiram  M.  Chittenden,  giv- 
ing the  results  of  his  preliminary  examinations  of  reservoir  sites  in 
Wyoming  and  Colorado.^  The  relative  location  of  these  lakes  is 
shown  on  the  Cloud  Peak  topographic  atlas  sheet  of  the  United  States 
Geological  Survey,  the  area  being  mapped  during  the  field  season  of 
1898.  From  a  report  by  Mr.  Frangois  E.  Matthes,  the  following  facts 
concerning  South  Piney  Creek  have  been  obtained: 

The  South  Fork  of  South  Piney  Creek  flows  from  the  snow  banks 
and  glaciers  east  of  Cloud  Peak,  and  has  therefore  an  abundant  water 
supply  throughout  the  year.  Its  valley,  above  the  point  where  the 
ditch  to  Rock  Creek  begins,  is  the  bed  of  an  ancient  glacier,  and  is 
thickly  covered  with  morainal  deposits  of  irregular  disposition,  giving 
rise  to  a  remarkable  number  of  lakes  of  all  sizes.  Among  these  are 
Cloud  Peak  Lake  and  Mead  Lake,  shown  in  fig.  8,  both  of  which 

1  PrelixnixiAry  ezamination  of  reservoir  sites  in  Wyoming  and  Colorado,  by  Capt.  Hiram  M.  Chit- 
tenden, with  monograph  on  Beservoirs  and  their  effects  on  the  floods  of  the  Mississippi  systen^ 
by  James  A.  Seddon:  HoaaeDoc  No.  lH,  Fifty-flfth  C<mgreaa,Becoii^««Hft\.oii.  ^«i$ti2ai^^^N'VS99K^. 
UOpp.f  lOfoWngmaim. 
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raiiyon  joins  the  niiia 
eanytm  half  a  mile  b«ia* 
CloQd  Peak  Lake. 

Another  large  body  of 
iiater,  Elk  I.ake,  drain- 
ing into  the  South  Forfc 
of  Soaih  Piner  Cntk. 
Ues  on  a  broad  sbetf  nod 
is  very  shallow.  TLe 
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of  9,850  feet.  Its  catch- 
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In  spring  it  probablrre- 
ceives  a  lai^e  amonnt^rf 
water  from  the  melting 
snowdrifts  on  the  peak 
The  outlet  of  the  lake  is 
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lat  of  the  South  Fork.  The  niiniber  of  lakes,  as  shown  in  fig.  8, 
'en  larger  than  on  that  branch,  bnt  few  are  available  for  water- 
ige  parpoaes.  Among  these  are  the  Kearney  Lakes,  altitude 
6  feet,  in  reality  one  lake,  which,  however,  is  fast  being  converted 


Fta.  8.— Lkkes  kt  bead  of  Pluey  ftnd  Oooss 


two  separate  lakes,  as  shown  on  PI.  YII,  by  the  sediment  of  two 
U  brooks  entering  near  the  middle,  opposite  each  other.  The 
1  lakes  thoB  lanMd|^KiMO  and  can  easily  be  dammed  at  the  outr 
Theyreeet<r»l^lHH^kvatheglacVen\B.>^«Q 
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of  Cloud  Peak  and  that  from  tho  i)erpetual  snow  banks  on  the  peaks 
of  the  main  range.  It  is  expected  that  surveys  for  a  reservoir  dam  at 
the^e  lakes  will  be  commenced  early  next  season. 

The  northern  forks  only  of  Clear  Creek  were  mapped  during  1896, 
but  a  general  survey  of  the  entire  drainage  area  revealed  the  faet 
that  each  of  the  half  dozen  canyons  which  form  its  head  waters  con- 
tains a  number  of  lakes,  some  of  them  almost  as  large  as  the  Kearney 
Lakes.  The  entire  basin  is  thickly  covered  with  morainal  ridges;  it 
is  extremely  rough  and  practically  inaccessible. 

Sites  along  Tongue  River  will  serve  to  increase  greatly  the  acreage 
that  stream  will  reclaim,  while  on  the  western  slope  the  improvement 
of  the  lakes  on  Medicine  Lodge  and  Tensleep  creeks  will  sen^e  not 
only  to  double  tho  reclaimed  area  but  to  call  attention  to  a  region  of 
unsurpassed  scenic  attractions. 

The  maps  filed  in  the  State  engineer's  office  serve  to  show  the  loca- 
tion of  the  projects  on  which  work  was  begun  and  the  nature  of  the 
improvements  proposed. 

Names,  superficial  area,  and  cmitenta  of  the  reservoirs  in  the  Bighorn  Mouniaint 
for  whicfi  permits  have  been  issued  by  the  State  engineer. 


Name. 


Dana  reservoir 

Kearney  reservoir 

Dome  Lake  reservoir 

Willow  reservoir 

Barr  reservoir 

Treichler  &  Parsons  reservoir 

Ella  reservoir 

Deuio  reservoir 

Cross  &  Cruse  Co.  reservoir . . 

Elk  Lake  reservoir 

Cloud  Peak  reservoir 

South  Piney  reservoir 


Snparfldal 


4 
146.2 
311.2 

57-8 

48 
5.1 

45 
193.75 

21 

197.55 
170 

95.4 


CoDtenti 
feet 


35 

3.  SOI 

3,168 

650 

450 
61.2 
1,000 
1,713.  To 


2,570 
2,500 
1,050 


ADMINISTIIATIVK  QUESTIONS. 

The  (*ommissioners  in  charge  of  the  districts  described  in  this 
bulletin  have  to  deal  with  unusual  conditions.  The  division  of  a 
stream  among  usei's  is  a  difficult  problem  under  the  most  favorable  cir- 
cumstances, but  the  commissioners  of  those  districts  are  confronted 
with  comx)lications  seldom  encountered  in  equal  measure  elsewhere. 
These  are: 
i.  Tlio  i/if^rchange  of  water  YieUvo^iTv  ^\,T^u\\\^i»>  m  the  same  district 
and  it's  trau8£ov  across  district  VvovmdaVws. 
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2.  The  freqnent  use  of  streams  as  part  of  a  ditch  or  canal  and  mak- 
ing not  one  stream  but  three  or  four  streams  part  of  a  single  system. 

3.  The  attaching  to  one  piece  of  land  of  rights  from  more  than  one 
stream  through  one  or  more  ditches. 

4.  The  construction  of  canals  to  carry  water  across  divides  in  remote 
and  inaccessible  locations  in  the  mountains,  thereby  rendering  the 
regulation  of  head  gates  expensive  and  difficult  and  the  measurement 
of  stream  How  practically  impossible. 

Even  when  the  streams  are  gaged  and  the  commissioner  knows  the 
supply  to  be  divided  he  is  often  unable  to  perform  his  work  to  his 
own  satisfaction  or  that  of  irrigators.  The  wide  and  rapid  fluctuation 
of  streams  is  to  blame  for  this.  From  the  records  of  the  gagings  of 
Clear  Creek,  made  by  the  State  engineer  and  the  Geological  Survey, 
it  is  seen  that  the  discharge  ranges  from  three  or  four  times  the  total 
irolume  appropriated  to  about  one-third  this  volume,  and  that  at  times 
tJiese  two  extremes  are  reached  within  a  few  days  of  each  other. 

The  gaging  station  is  below  the  mountain  ditches,  and  its  record 
loes  not  show  what  they  divert,  but  it  does  show  how  rapid  must  be 
the  commissioner's  movements  to  protect  the  rights  to  the  232  second- 
Feet  appropriated.  On  May  23,  1896,  as  shown  in  fig.  3,  less  than 
100  second-feet  was  passing  over  the  weir;  on  the  24th  there  was  over 
200.  On  June  3  a  flow  of  504  second-feet  permitted  all  users  to  waste 
vrater,  if  they  so  desired.  Three  days  later  the  discharge  was  less 
than  the  amount  appropriated.  On  the  19th  the  flow  was  209  second- 
feet;  on  the  29th  it  was  82.  The  distance  from  the  highest  to  the 
lowest  head  gate  on  this  stream  is  50  miles,  and  an  examination  of  the 
map  (fig.  2)  will  show  the  haphazard  location  of  the  appropriations  and 
the  rapid  changes  necessary  to  protect  these  rights  when  the  demand 
begins  to  exceed  the  supply.  The  commissioner  would  have  enough  to 
do  in  times  of  scarcity  to  regulate  this  stream  only,  but  he  has  in  addi- 
tion to  watch  the  fiuctuations  of  half  a  dozen  others  and  keep  track 
both  of  their  natural  discharge  and  of  the  water  turned  in  from  other 
streams. 

While  doing  this  he  can  only  estimate  the  volume  to  be  distributed. 
Prom  the  highest  ditch  on  Clear  Creek  to  the  foot  of  the  mountain  is 
a  day's  journey.  It  takes  half  that  time  to  go  from  the  highest  land 
irrigated  on  Rock  Creek  to  the  head  gate  of  the  Piney  feeder  in  the 
mountains  along  that  stream.  From  the  last  ditch  on  Prairie  Dog 
to  the  first  on  the  stream  which  supplies  it  the  distance  is  40  miles 
in  one  direction,  and  it  is  an  equal  distance  to  the  last  ditch  along 
the  valley  of  that  stream  in  almost  the  opposite  direction.  Without 
telephone  or  telegraph  connection,  the  commissioner  can  deal  only 
with  what  he  sees.  Under  the  circumstances  the  success  achieved 
has  been  little  less  than  marvelous. 

The  water  turned  from  Big  Goose  Creek  into  Little  Goose  Creek 
enters  that  stream  9  miles  from  and  2,000  te^\)  a\>ON^  >L?Ckfe\!KQL^^:c«^ 
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irrigated.  The  head  of  the  ditches  can  only  be  reached  after  a  day*! 
journey,  and  frequent  inspections  can  not  be  made.  Because  irri- 
gators can  not  know  the  facts,  they  are  all  the  more  likely  to  resent 
any  interference  with  their  supply.  Appropriators  of  the  natnid 
flow  are  sometimes  disposed  to  belieye  that  those  dependent  on  bodm 
other  source  get  more  than  their  share,  and  vice  vensa.  Users  of 
water  along  Piney  Creek,  Big  Ooose  Creek,  and  other  large  streans 
do  not  look  with  favor  on  the  diversions  into  other  drainage  bssiiis 
where  the  subsequent  regulation  is  so  expensive  and  dilBcnlt.  It  iS| 
therefore,  a  high  tribute  to  the  honesty  and  tact  of  the  commissicniai 
and  superintendent  to  say  that  they  have  tiius  far  i»erfonned  their 
duties  in  such  a  way  as  almost  entirely  to  avert  litigation.  To  ensue 
them  to  continue  this,  however,  their  labors  should  be  supplemeiitid 
by  comprehensive  measurements  of  the  discharge  of  these  seveni 
streams.  The  turning  of  water  across  divides  and  the  use  of  a  stmn 
as  part  of  a  ditch  is  no  doubt  economical,  but  unlees  the  methods  ee 
largely  employed  here  are  supplemented  by  numerons  stream  gagi^n 
it  is  hard  to  see  how  commissioners  are  to  distribute  saooessfiil^i 
supply  coming  from  three  or  four  sources. 

Lack  of  gagings  add  to  the  perplexities  of  the  State  engineer,  ft 
is  a  part  of  his  duty  to  refuse  permits  for  additional  ditehes  vha 
the  water  supply  is  exhausted.    So  long  as  he  has  no  knowledge  of  the 
volume  being  diverted,  nor  where  it  goes,  he  has  to  depend  largelyci 
conjecture.    The  extensive  construction  of  reservoirs  along  flie  ehii- 
nels  of  these  streams  which  is  certain  to  result  in  the  near  fotare^ 
and  the  use  of  their  channels  to  transport  the  stored  water  to  the 
place  of  use,  will  aggravate  these  complications.     That  they  can  eU 
be  removed  is  not  to  be  doubted,  but  to  accomplish  this  it  will  be 
necessary  to  have  a  full  understanding  of  all  the  conditions,  and 
foremost  among  these  is  the  amount  of  water  there  is  to  be  stored, 
divided,  and  used. 


INDEX. 


Pug©. 

AdmlnJstratire  difflcnltlee,  dlscoflsion  of .  68-60 

Amaden  Creek,  appropriations  from 46-48 

But  reservoir  site,  description  of 68 

Biff  Canyon  Creek,  appropriations  from.  64 
Big  GkxMe  Creek,  appropriations  from. ..  43-46 

map  showing  lakes  at  head  of 67 

Bighom  Mountains,  plate  showing  Tiew  of      11 

BQly  Creek  ditch,  irrigation  from 19,20,23 

Blue  Oap  ditch,  irrigation  from 20, 23, 27 

Board  of  control,  work  of 14-16 

Bond,  Fred,  stream  measnrements  by  —  99 
Boxelder  Creek,  appropriations  from  —  62 
Broken  Back  Creek,  appropriations  from.       63 

Buffalo,  stream  measurements  near 90-31 

Buffalo  Flat  Creek,  appropriations  from .       64 

Burton  ditch,  irrigation  from 20,28 

Oanton  ditch,  irrigation  from 20,28 

Chittenden,  H.  M.,  cited 66 

Clear  Creek,  measnrements  of 28-30 

map  showing  irrigation  systems  on . .       29 

diagram  showing  discharge  of 81 

appropriations  from 81-^,88 

diyersion  of  water  from 33-36 

Ooad  Peak,  plate  showing  view  of 11 

Cload  Peak  Lake  reservoir  site,  descrip- 
tion of 66-56,58 

Cook  ditch,  irrigation  from 20,23,27 

Coon  Creek,  appropriations  from 64 

Crasy  Woman  Creek,  appropriations  from  18-28 

Crooked  Creek,  appropriations  from 52 

Cross  A  Crose  Co.  reservoir  site,  descrip- 
tion of 68 

Dana  reservoir  site,  description  of 58 

I>enio  reservoir  site,  description  of 58 

Devoe  ditches,  irrigation  from 20, 23, 27 

Dick  ditch,  irrigation  from 20,23,27 

Dome  Lake  reservoir,  plate  showing 64 

description  of 56,68 

map  showing 56 

Dundee  ditch,  irriicatioD  from 37 

Duty  of  water,  amount  of 24-25,38 

Elk  Lake  reservoir  site,  plate  showing  . .       34 

description  of 66,58 

Ella  reservoir  site,  description  of 58 

Fisher  ditches,  irrigation  from 37 

Fort  Collins  ditch,  irrigation  from...  20,33,27 
French  Creek,  appropriations  from  . . .  33-35, 37 

Oorgen  ditch,  irrigation  from 37 

Harris  ditches,  irrigation  from 20, 23. 27 

Hewes  Creek,  appropriations  from 46, 48 


Holt  ditch,  irrigation  from 20,23,27 

Johnson  Creek,  appropriations  from 88 

Kearney  Lake  reservoir  site,  description 

of 67,68 

plate  showing  view  of 68 

Kelly  Creek  ditches,  irrigation  from 20,28 

Kennedy  ditch,  irrigation  from 20, 23, 27 

Kingsbury  ditches,  irrigation  from 20, 23 

Land  reclaimed,  acreage  of 12-13 

Last  Chance  ditch,  appropriations  from..  43r46 
Little    Canyon    Creek,    appropriations 

from 64 

Little  Goose  Creek,  appropriations  from.  43-46 

map  showing  lakes  at  head  of 67 

Little  Tongue  River,  map  showing  ditches 

from 46 

appropriations  from 49-60 

Loss  of  water  in  transmission,  allowance 

for 38-40 

Lower    Canyon    Creek,  appropriations 

from 64 

Massacre  Hill,  plate  showing  view  of 86 

Matthes,F.  E.,  cited 66 

Mayhew  Ss  Gorgen  ditch,  irrigation  from.       87 
Mead  Lake  reservoir  site,  plate  showing.       84 

description  of 66-66 

Medicine  Lodge  Creek,  appropriations 

from 64 

Miller  ditch,  irrigation  from 20,23,27 

Mitchell  &  Long  ditch,  irrigation  from .  20, 23, 27 

Moeller  ditches,  irrigation  from 37 

Moreton  ditches,  irrigation  from 20, 23, 27 

Muddy  Creek  ditch,  irrigation  from 20.23 

Newell,  F.  H.,  letter  of  transmittal  by. . .        0 

No  Wood  River,  appropriations  from 60-52 

North  Fork  ditches,  irrigation  from  19. 20, 23, 27 
North  Fork  of  Crazy  Woman  ditch,  irri- 
gation from 20,23,27 

Otter  Creek,  appropriations  from 63 

Paint  Rock  Creek,  appropriations  from..  63-64 

Piney  Creek,  plate  showing  view  of 32 

plate  showing  reservoir  si  tes  on 84 
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map  of  ditches  diverting  water  from.       36 
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Department  of  the  Interior, 
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Division  op  Hydrography, 

Witshingfoj}^  November  26,  1898. 
SxR:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
^V'^'tep  Resources  of  the  State  of  New  York,  prepared  by  Mr.  George 
^  *   Rafter,  and  to  recommend  that  it  be  published  in  the  series  of 
P^^xxiphlets  upon  Water  Supply  and  Irrigation.     The  data  herewith 
P'^^sented  were  brought  together  by  Mr.  Rafter  during  1897  and  trans- 
^itted  early  in  February,  1898.     Publication  has  been  somewhat 
^^^ayed  by  various  obstacles  which  could  not  be  readily  overcome. 
*^he  data  are,  however,  of  general  interest  and  value,  not  only  to  the 
t^^ople  of  New  York  State,  but  also  to  engineers  and  persons  in  all 
Parts  of  the  country  interested  in  the  development  and  utilization  of 
the  water  resources.     Particular  attention  is  given  to  the  discussion 
of  floods  and  low-water  flow,  these  being  to  a  large  extent  the  deter- 
mining factors  in  considerations  of  the  utilization  of  water  power. 
Very  respectfully, 

F.  II.  Newell, 
Hydrogropher  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Oeological  Survey. 
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WATER  RESOURCES  OF  THE   STATE  OF  NEW  YORK, 

PART  I. 


By  George  W.  Rafter. 


INTRODUCTIOK. 

The  preeminent  position  of  the  State  of  New  York  is  due  almost 
entirely  to  her  great  natural  water  resources.  Reaching  from  the 
Dcean  on  the  east  to  the  Great  Lakes  on  the  west,  she  has  gathered 
bo  herself  the  treasures  of  the  foreign  world  as  well  as  those  of  half 
the  Western  Continent.  Her  inland  rivers,  with  their  great  water 
powers,  have  been  in  the  past  and  will  continue  to  be  in  the  future 
A  perpetual  source  of  wealth.  Taking  into  account  the  commercial 
supremacy  guaranteed  by  the  Erie  Canal,  it  may  be  said  that  the  his- 
tory of  the  State's  progress  during  the  nineteenth  century  is  largely 
I  history  of  the  development  of  her  water  resources.  It  is  the  pur- 
>o8e  of  the  author  in  this  report  to  relate  briefly  not  only  in  what 
nanner  these  resources  have  been  employed,  but  to  indicate  the 
*ecent  lines  of  development  and  the  probable  future  of  the  State 
f  her  water  is  utilized  to  the  fullest  degree.  It  is  proposed  to 
lescribe  in  a  general  waj^  the  river  sj^stems,  giving  brief  descriptions 
>f  several  of  the  more  important  utilizations  of  water  in  New  York, 
ogether  with  a  discussion  of  some  of  the  economic  problems  con- 
ronting  the  people  of  the  State. 

As  regards  the  water  power  of  New  York,  it  may  be  noted  that  the 
Tenth  Census  of  the  United  States,  1880,  Vols.  XVI  and  XVII,  gives 
n  great  detail  the  statistics  of  the  main  water  powers  as  they  existed 
n  1882.  Many  of  these  show  considerable  increase  at  the  present 
Ime,  although  the  new  works  are  for  the  most  part  similar  to  those 
lescribed  in  the  census  report,  and  hence  present  few  additional  fea- 
tures of  interest.  Several  of  the  recent  plants,  however,  are  on  quite 
lifferent  lines  both  as  to  their  scope  and  as  to  the  method  of  develop- 
nent  adopted.  It  has  therefore  seemed  more  important  to  describe  a 
^ew  of  the  new  plants  and  to  give  the  main  facts  of  the  great  storage 
3rojects  of  the  Hudson  and  Genesee  rivers  than  to  spend  time  on 
^mall  and  relatively  unimportant  powers. 
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The  pecaliar  rel^on  of  the  iita,t,e^  to  water-jtower  development  m 
the  matn  rivers  of  Nev  York  ^huuld  be  hero  meotioaed.  Owing  to 
tbe  ciroamBtaaces  of  the  early  settlements  and  the  development  ot  tha 
canal  system,'  the  State  has  aasutued  owuersliip  of  the  inland  waten,  , 
or,  at  any  rate,  of  all  streams  imed  as  feeders  of  the  canals.  This 
assamption  has  worked  injostice  to  riparian  on-ners,  and  is  at  pr^^M'Ql 
a  bar  In  the  way  of  tbe  fnlldevelnpnient  of  important  streams  by 
private  enterprise. 

The  data  embodied  ia  this  rei>ort  have  been  gathered  from  many 
aonroes — ^the  anooal  reports  of  the  Stat«  engineer  and  siir^-eyitr.  Ibe 
saperintendent  of  pabllo  works,  the    forest   commission,  tbe  State 
board  of  health,  the  State  weather  service,  and  other  pablie  docn- 
menta.     The  data  in  the  reports  on  the  Water  Pdwer  of  the  United  ' 
States,  Tenth  Census,  have  been  used  in  many  cases  where  later  daU  | 
are  not  available.     Daring  the  years  1896  and  18!)7  the  author,  Is  | 
addition  to  his  regular  datieti  in  the  State  engineer's  dupartment,  ' 
gathered  a  large  amoont  of  informntion  bearing  on  the  water  resoonM 
of  the  State  and  not  pnblidu-<l  in  the  annual  reports  of  the  Stat« 
engineer's  department.     Mtioh  nf  this  is  in  the  way  of  piecing  out 
earlier  information  and  bringing  the  su1)j<-ct  up    to   date.     By  LtM  | 
ooarte^  of  tbe  State  engineer  iuid  sin'\*<'.voi-  tlic^tu  8i>ecia1  data  bun 
been  embodied  in  the  present  roport. 

The  flgares  as  to  drainage  aiva  liavc  been  obtained  by  vfaeckiiv 
oh  French's  map,  published  In  1860,  those  given  in  the  reports  on 
the  water  power  of  the  Unitetl  states,  Tenth  Census,  so  far  as  ihcy 
ai-e  available,  and  by  planimfier  measurement  on  the  topograithir 
atlas  sheets  of  the  State  made  Ity  tlie  United  States  Geolo^cal  SH^ 
vey.  Bien'B  Atlas  of  the  State  of  New  York  lias  also  been  used  ass 
check  in  some  cases,  and  a  nuitilKT  of  areas  have  been  taken  fnici 
the  report  of  the  Deep  Watervrri.\-s  Commission. 

The  elevations  of  points  abovi^  tide  water  have  been  compiled  fron 
all  available  sources  of  inforniiition,  such  as  Dictionary  of  Altitude 
in  the  United  Stales,  Bulletin  No.  70  of  the  United  States  Geolo^ol 
Survey;  the  reports  of  the  New  York  State  survey  ond  railway  eiiul 
proiiles;  the  topographic  atlas  Hlieets  oF  the  United  States  Geologiol 
Survey,  and  the  reports  on  tin?  wjid-r  power  of  the  United  Stattf, 
Tenth  Census,  JSSii. 

<;ENEUAr.  ;v;ati:mext. 

A  report  ot  this  character  is  prepai-ed  for  the  benefit  of  two  classe*: 
First,  professional  or  business  men  who  read  during  leisure  hours  in 
order  to  add  to  their  stock  of  general  information;  second,  engineeriue 
specialists,  physicists,  and  men  of  oxi>ert  scientific  attHinraeut«  gen- 
erally who  desire  full  details  as  part  of  their  stock  of  professiontl 
i/joiviedg'e.     The  latter  cVas-s  wVW  laaWvaW^  s.\:\ii'3  ywa  ti%.t«ila^  while 
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for  the  former  a  snccinet  statement  of  the  results  of  the  study  is  gen- 
erally sufficient.  It  is  from  this  point  of  view  that  a  statement  of  the 
general  results  of  the  study  of  the  water  resources  of  New  York  is 
here  introduced  at  the  beginning  of  the  report. 

FAVORABLE  NATURAL  CONDITIONS. 

New  York  State  is  great  in  water  resources,  not  only  by  virtue  of 
her  position  between  the  Atlantic  Ocean  and  the  Great  Lakes,  but 
because  topographic,  geologic,  and  climatic  conditions  have  combined 
to  make  her  the  highway  of  commerce  as  well  as  the  manufacturing 
center  of  the  United  States.  Some  of  the  contributing  causes  to  this 
preeminent  position  may  be  found  in  her  mountain  systems,  affording 
three  great  water  centers,  from  which  large  streams  descend  to  the 
neighboring  lowlands,  affording  large  opportunities  for  the  economic 
development  of  water  power.  As  regards  water  power,  the  other 
chief  contributing  causes  are  the  possession,  as  part  of  her  domain,  of 
Niagara  and  St.  Lawrence  rivers,  with  their  extensive  possibilities  for 
future  water-power  development. 

A  study  of  tlie  climatology  of  New  York  shows  that  in  nearly  every 
portion  of  the  State  the  amount  and  distribution  of  the  rainfall  are 
such  as  to  insure  a  large  enough  run -off  of  streams  to  furnish,  oven 
under  natural  conditions,  considerable  water  power. 

ARTIFICIAL  MODIFICATIONS. 

Natural  conditions  have  been  largc^ly  interfered  with  by  the  cutting 
off  of  forests  and  the  consequent  extensive  development  of  the  agri- 
cultural interests  of  the  State.  As  a  tentative  proposition,  it  is 
assumed  that  the  general  cutting  off  of  the  forests  of  New  York  State 
has  decreased  the  annual  run-off  of  streams  issuing  from  the  defor- 
ested areas  to  a  depth  of  from  4  to  O  inches  {H'v  annum. 

The  run-off  of  Niagara  River  has  been  commonly  assumed,  on  the 

« 

authority  of  the  Lake  Survey,  at  al)()ut  205, (KK)  cubic  fe(?t  per  second. 
The  recent  studies  indicate  that  the  extreme  low  flow  of  a  cycle  of 
minimum  years  may  be  not  more  than  00  per  ctMit  of  this  figure. 
From  this  point  of  view  the  people  of  the  State  of  New  York  hav<» 
the  greatest  possible  interest  in  any  project  which  would  tend  to 
decrease  the  low- water  run-off  of  that  sti'eam.  Such  interest  is 
equally  pronounced  in  the  case  of  St.  Lawrence  Ilivtn-. 

Measurements  of  discharge  of  a  number  of  the  inland  streams  of 
New  York  indicate  considerable  variations  in  water  yield  in  different 
parts  of  the  State.  For  instance,  Genesee  River,  in  the  westcjrn  part, 
in  1805  gave,  with  a  rainfall  of  31  inches,  a  minimum  flow  for  the 
year  of  C.07  inches.  The  drainage  ai'ca  of  this  stream  is  mostly 
deforested,  whence  it  2*esults  that  serious  ^oods  av^  lY<iv\v\^\jL\i.   ^vs^ 
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example,  fnjrn  May  1:*  to  l'4.  IS*M^  the  total  discharge  was  nearly 
O/K."  •,«j«»/X".'  cubic  fntrt,  the  niaximam,  which  occurred  at  3.3«.'  a.  in., 
May  21,  being  42,»."»  cubic  feet  per  second.  The  drainage  area  abi»vo 
the  point  where  this  llo«jti  occurre^l  is  1.070  square  miles. 

The  lowest  annual  runnjff  thus  far  measured  in  the  State  of  >Vw 
York  is  that  of  the  Hemlock  f^ke  draina^  area,  where,  in  lS8iX  the 
total  run-off  from  an  area  of  43  square  miles  was  only  about  o.'*j^ 
inches. 

Oswego,  Mohawk,  and  Hudson  rivers  and  their  tributaries  in  thL« 
State  all  have  large  p4>ndage  on  natural  lakes,  which,  with  other  con- 
ditions, tend  to  maintain  the  low-water  flow.  Croton  River  presents 
surface  geological  conditions  which  tend  to  increase  its  low- water  flow. 
Without  going  into  detail,  we  may  say  that  these  streams  will  yield  a 
minimum  flow  of  about  M.:3  of  a  cubic  foot  per  square  mile  per  second. 
Variations  from  this  limit  are  given  in  the  chapters  specially  discuss- 
ing minimum  flow. 

As  a  typical  flood  stream  of  the  State,  Chemung  River  may  be  men- 
tioned, where  serious  floods,  due  to  deforestation  of  a  mountainoib 
drainage  area,  have  become  so  common  as  to  necessitate  the  carryinir 
out  of  extensive  protection  works  at  the  large  towns  on  that  stn*am. 

WATER   STORAGE. 

Large  development  of  water  power  on  Genesee  River  has  led  to 
a  demand  fur  extensive  storage  reservoirs  on  that  stream.  The  sur- 
v<\vs  made  l)y  the  State  indicate  that  a  storage  reservoir  of  15,(*K)().(nVi.'"«« 
cubic  feet  capacity  can  l)e  eniistructed  at  a  cost  of  *2,600,CX)0,  or  at  the 
rate  of  a])out  *17o  per  million  cubic  feet  stored.  It  is  consideretl  that 
the  constructinii  of  such  a  reservoir  is  commercially  feasible,  and,  prc>- 
vided  the  Stat<»  h'gislature  will  grant  the  necessary  permission,  the 
project  will  pro])al)Iy  be  carri<Mi  out  by  a  i)riv'ate  comi^any.  The  do\V.- 
oprMJ  water  power  of  <Ten<»s«.»e  Kiver  has  increased  from  about  «),'0' 
horsepower  iu  1882  to  about  1S,(HM)  horseiH)wer  in  1808. 

Kxlended  studies  have  also  been  made  of  the  possibilities  of  water 
stora^^e  on  Hudson  Hi\<'r,  wlien*  the  water  ])ower  has  increased  fnjra 
less  than  l.'^OOo  horsei)ower  in  IsSi*  to  something  like  55, (KH)  horse- 
power at  the  l)ej:inninir  of  is!»s.  The  studies,  so  far  as  carried,  sbovr 
that  it  is  i)ossil)le  to  ci'eate  on  that  stream  a  continuous,  i>erniant'nt 
power  of  about  17."),nn(»  liors('pow(M*.  Probably  when  the  studies  an- 
compl(»te  it  will  appear  that  eonsidtM-ably  more  than  this  can  be  devel- 
oped at  a  cost  which  will  Ixj  eommereially  feasible. 

The  gr(Nit  i)o\vt*i-  developments  on  Niagara  River  at  Niagaira  FalU 

and  on  St.  I.awrcncM' Kiver  at  Massrna,  a i-e  the  most  significant  indiiv 

trial  movements  now  taking  plae(?  in  the  United  States.      The  futiin- 

;>ow(?r  of  thes(;  two  streams  may  easily  be  placed  at  several  liumlrei 

Uiousaud  horsepower. 
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ERIE  CANAL. 

Srie  Canal,  a  view  of  which  is  ji^iven  on  PL  I,  was  the  first  great 
velopment  of  the  internal  water  i^sonrces  of  New  York,  and  grew 
t  of  the  demand  for  transportation  facilities  l)etween  the  Atlantic 
ilwai-d  and  the  Great  Lakes.  The  impulse  which  it  gave  to  the 
velopment  of  New  York  State,  and  of  the  entire  territory  tributary 
the  Great  Lakes,  can  hardly  be  estimated.  Taking  into  account 
i  far-reaching  consequences,  it  may  be  considereil  the  greatest  pub- 
■  work  thus  far  carried  out  in  the  Uniteil  States.  Nevertheless, 
ie  Canal  has  not  only  passed  its  day  of  usefulness,  but,  to  some 
tent,  stands  in  the  way  of  future  development,  the  chief  cause  for 
^  toing  a  too  pronounced  reganl  for  the  canal's  former  greatness, 
e  historical  matter  cited  in  the  l)ody  of  the  report  may  serve  to  indi- 
e  how  strongl}'^  the  feeling  that  Erie  Canal  should  be  maintained 
perjjetuity  has  been  impressed  upon  the  people  of  the  State  of 
w  York. 

^y  w^ay  of  illustrating  the  rise  and  decline  of  Erie  Canal,  it  may  be 
id  that  in  1837  the  total  freijrht  carried  was  1,171,21M>  tons,  valued  at 
,800,288;  in  1880  the  total  freight  carried  was  0,457,056  tons,  valued 
^247,844,790;  in  1805  the  total  freight  carried  was  ;3,5(X),314  tons, 
lied  at  807,453,021.  Statistics  show  that  the  great  bulk  of  all  the 
ight  now  carried  on  Erie  C-anal  is  through  freight  carried  for 
:?stern  producers,  local  business  being  only  a  small  per  cent  of  the 
ole.  Statistics  show  that  freights  are  novr  carried  by  railways  as 
Baply  as  they  can  be  carried  by  the  canal,  and  this,  too,  at  a  profit, 
ile  the  canal,  in  order  to  obtain  an}'  freight  at  all,  has  been  obliged 
do  away  with  all  tolls,  thus  making  the  cost  of  shipment  by  canal 
)  bare  cost  of  transportation  proper. 

n  1805  an  improvement  of  Erie  Canal  was  authorized  at  a  cost  of 
(X)0,000.  The  work  of  this  improvement  is  now  in  progress, 
cently  it  has  been  found  that  the  cost  will  be  810,(K)0,0()o,  instead  of 
000,000,  as  originally  expected.  On  tliis  basis,  and  throwing  out 
the  account  former  expenditures,  we  may  say  that  Erie  Canal  will 
\t  the  people  of  the  State  of  New  York  annually  at  least  ^1,230,000. 
suraing  a  traffic  for  the  enlargement  of  the  canal  of  5,000,000  tons 
•;  annum,  carried  200  miles,  we  have  a  total  of  1,0()(),00(),0(K)  ton-miles 
r  annum  on  which  the  people  of  the  State  of  New  York  must  pay  in 
'i  way  of  interest  and  cost  of  maintenance  and  operation  about  1.25 
Us  per  ton-mile,  while  canal  freights  now  average  about  1.2  mills 
r  ton-mile;  hence  the  people  of  the  State  of  New  York  will  be 
liged  to  pay  under  the  now  conditions  over  50  per  cent  of  the  total 
it  of  the  transportation.  At  present  the  local  canal  freights  are  only 
per  cent  of  the  total. 

.)wing  to  her  extensive  inland-navigation  system  the  experience  of 
w  York  as  to  loss  of  water  from  artificial  channels  has  been  very 
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extensive.  Measurements  made  at  different  times  show  that  in  i 
canal  of  the  dimensions  of  the  original  Erie  Canal,  whieh  had  a  8e^ 
tion  of  40  feet  water  surface,  28  feet  bottom,  and  4  feet  depth,  then 
should  be  provided,  in  order  to  cover  the  evaporation  and  peroolatioi 
leases,  a  water  supply  of  about  100  cubic  feet  per  mile  per  minute. 
Details  relating  to  this  special  subject  may  be  found  further  on. 

The  State  early  iidopted  the  policy  of  leasing  surplus  waters  of  Erie 
Canal  for  power  purposes.  The  most  extensive  development  groidiif 
out  of  such  leases  is  that  at  Lockport,  where  several  thousand  honw- 
power  are  in  use  supplying  establishments  valued  at  abont  $2,500,000 
a  year,  and  employing  nearly  1,900  operatives,  with  an  annual  prodoet 
of  about  *3,000,000. 

VALUE  OP  VS^ATER   TO   INDUSTRIES. 

AVater  power  is  extensively  sold  at  Oswego,  Cohoes,  and  Niagan 
Falls,  and  to  some  extent  at  Rochester.  It  will  also  be  extensively 
sold  at  Massena  when  the  development  there  is  completed. 

The  value  of  the  internal  waters  of  the  State  to  some  of  the  leading 
industries,  such  as  the  luml)er  industry  and  the  wood-pulp  and  paper 
industry,  may  be  noted.  On  Hudson  River  from  1851  to  1897,  ineln- 
sive,  the  total  number  of  logs  taken  to  market  by  water  transporta- 
tion was  23,;3i:3,585,  thoso  market  logs  furnishing  4, 662,71 7,(X)0  feet 
B.  M.  of  lumber.  Tho  cost  of  driving  logs  from  the  head  waters  of 
the  Hudson  to  the  Hig  Boom  abov^e  Glens  Falls  is  said  to  be  from  50  to 
75  cents  per  thousand  feet  B.  M. 

The  wood-pulp  and  paper  industry  is  developed  in  New  York  State 
to  a  point  beyond  that  reached  in  any  other  State  of  tho  Union.  On 
January  1,  1808,  there  were  at  least  125,000  net  water  horsepower  in 
use  in  the  State  in  tlie  pro<lu(^tlon  of  mechanical  wood  pulp,  while 
probably  from  ;5U,(MM)  to  o5,000  more  are  consumed  in  operating  paper 
mills. 

()n(^  obstacle  to  the  easy  operation  of  water  power  in  this  State  is 
the  formation  on  maii^' streams  of  frazil  or  anchor  ice.  A  study  of 
the  formation  of  frazil  and  auclior  ice,  iis  made  by  tho  Montreal  har- 
bor commissioners,  indicates  that  it  may  be  possible  to  learn  in  the 
future  how  to  remedy  this  difliculty. 

OWNERSHIP   OF   WATER. 


I'ho  sand  arear.  of  Long  Island  present  conditions  of  water  yieW 
(lifTerent  from  those  of  the  other  drainage  areas  of  the  State.  We 
have  here  an  extended  region  of  coarse,  deep  sand,  into  which  the 
rainfall  sinks  easilj^  there  being  almost  no  surface  run-off.  These 
sand  areas  form  subterranean  reservoirs,  from  which  from  0.7  to  0.8 
cubic  foot  per  sciuare  mile  per  second  nmy  be  drawn,  the  same  as  from 
artificial  reservoirs  on  the  earth's  surface,  these  natural  underground 
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''  reservoirs  possessing  the  advantage  of  furnishing  a  filtered  water  of 
')  a  high  degree  of  purity. 

The  taking  of  the  water  supply  of  Brooklyn  from  the  sand  areas  of 
?  Long  Island  has  led  to  the  development  of  legal  principles  relating  to 
y-  rights  in  underground  water  somewhat  different  from  those  derived 
^  from  the  common  law  of  England.  The  decision  in  a  test  case  now 
w  before  the  courts  is,  in  effect,  that  when  subterranean  water  is  taken 
>:  in  large  quantity  for  the  supply  of  cities  or  for  manufacturing  pur- 
4  poses  the  party  taking  it  is  liable  to  the  adjacent  landowners  the 
:i  same  as  in  the  case  of  diverting  surface  water. 

:  Owing  to  the  development  of  the  internal  navigation  system,  and 
the  consequent  assumption  on  the  part  of  the  courts  and  State  officials 
that  the  State's  rights  to  the  inland  waters  were,  in  effect,  paramount 
to  all  other  rights,  no  general  mill  act  has  ever  been  enacted  in  the 
State.  Nevertheless,  the  demand  for  water  storage  on  the  streams  of 
the  northern  jmrt  of  the  State  and  on  St.  Lawrence  River,  which  are 
not  in  any  way  tributary  to  Erie  Canal,  has  led  to  the  enactment  of 
a  number  of  special  laws  which  have  the  force  of  mill  acts  in  that 
they  grant  the  right  of  eminent  domain  for  the  purpose  of  improving 
the  hydraulic  power  of  streams.  This  phase  of  development  of  the 
laws  of  this  State  relating  to  riparian  rights  is  an  exceedingly  inter- 
esting one. 

Titles  to  lands  under  water  and  water  rights  have  been  considerably 
complicated  in  New  York  because  of  the  peculiar  circumstances  of  the 
early  settlement.  It  is  well-established  law  that  Hudson  and  Mohawk 
rivers  belong  to  the  State,  while  the  Genesee  and  the  other  large  rivers 
belong  to  the  riparian  owners.  A  confusion  of  ideas  arising  out  of 
such  contradictory  facts  as  these  has  undoubtedly  assisted  in  obscur- 
ing the  real  relations  of  the  State  to  riparian  owners  in  New  York. 

In  the  case  of  Black  River  large  quantities  of  water  have  been 
diverted  for  the  supply  of  Black  River  and  Erie  Canal,  which  has  been 
compensated  for  in  kind  by  the  construction  of  a  system  of  State  res- 
ervoirs on  the  head  waters  of  that  stream  capable  of  storing  nearly 
3,800,000,000  cubic  feet.  The  State  has  furtlier  recognized  the  rights 
of  riparian  owners  in  the  Black  River  reservoii's  b}^  creating  a  com- 
niis.sion  of  owners  and  users  of  water  power  on  Black  River  to  manage 
the  discharge  from  the  reservoirs. 

Skaneateles  Lake  presents  a  case  where  the  State,  having  originally 
appropriated  water  for  the  supply  of  Eri(^  Canal,  has  later,  by  act  of 
legislature,  allowed  the  taking  of  the  said  water  for  a  municipal 
supply. 

With  restrictive  legislation  repealed  and  a  proper  mill  act  enacted, 
we  may  hope  ultimately  to  develop  in  New  York  approximately 
1,518,000  gross  horsepower,  worth  to  the  people  of  the  State  any- 
where from  $150,000,000  to  l?200,000,0()0  a  year,  or  as  much  as  the 
present;  entire  agricultural  product  of  the  State. 
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PHYSICAL  CH)NDlTIOX.^. 

CoiisidiM'ing  only  the  broader  to^Xigraphic  feutui-cs,  the  streams  «)f 
the  State  ma}'  be  pictured  as  eoniiug  from  tliree  main  water  centers. 
The  first  of  these  in  importauee  is  tlie  Adirondzick  area,  the  peaks  of 
which  are  over  6,000  feet  in  height.  Next  to  this  are  the  Catskill 
Mountains,  in  the  southeastern  part  of  the  State,  the  greatest  heights 
of  which  are  about  4,000  feet;  and  tliinl  are  the  highlands  of  the 
southwestern  t)orlion  of  the  Stale,  portions  of  the  Allegheny  Plateau. 
In  extent  the  Adirondack  Kegion  is  much  the  largest,  and  owing  to 
this  fact  and  its  higher  elevation  it  is  the  most  important  water  center 
of  the  State.  Th(»  Catskill  ll(»gion,  fi-om  its  lower  altitude  and  from 
changes  introduced  by  (fitting  off  the  forests,  is  much  less  valuable 
in  yield  of  water.  The  issuing  streams  are  flashy«and  uncertain, 
pouring  ih)wn  destructive  floods  in  spring  and  running  nearly  drj* 
during  the  summer  and  fall.  It  is,  without  doubt,  largely  owing  to 
this  fact  that  water-power  development  has  made  less  progress  in  this 
part  of  the  State  than  in  the  other  power-pnxlucing  sections.  The 
Allegheny  Plateau  luis  also  greatly  deteriorat<5d  in  water-yield i us: 
capacity  on  account  of  deforestation.  The  serious  effect  of  sui-h 
decrease  is  discussed  later  in  connection  with  the  Genesoo  Kivi-r 
storage  project. 

MOUNTAINS    AND    FORESTS. 


The  mountain  belt  intruded  in  the  Adiromlacks  proper — the  I>ou- 
([uet,  Sehronn,  Kayaderosseras,  and  Luzerne  ranges,  with  the  High- 
lands immediately  to  the  wesl — has  come  to  be  commonly  known  as 
the  Adirondack  Plateau.  Describing  this  l)r()adly,  it  nmy  be  consi^l- 
ered  as  l)oundr<l  on  the  east  by  Lak(»  Ciiamplain,  on  tlie  west  by  llu' 
valley  of  lUack  Hi  vim-,  on  the  north  by  the  farming  regions  of  the  rSt. 
Lawrence,  and  on  the  south  by  those  of  tlie  Mohawk  Valley,  TIi*^ 
mountain  belt  proi)er,  howt'ver,  occupies  only  the  eastern  apcl  southern 
part  of  the  Adirondack  I'lateau.  Its  greati'st  width  is  about  40  miles. 
Th(^  mountain  ranges,  however,  arc  not  always  distinct;  sometiiiK'^ 
these  are  lateral  spurs  interlocked  ami  sometimes  single  mountain-^ 
o(»eupy  the  space  betwi'cn  the  ranges,  tilling  the  valleys. 

From  th<»  Adinm<lack  Plateau  streams  flow  to  the  north,  southeast, 
and  west.  The  princijial  sti'canis  (lowing  north,  east,  and  west  to  tli«.' 
St.  ]^awi-en(*e  system  are  Moosts  r>cavei*,  Oswegatchie,  (rrass,  llaquettc 
St.iiegis,  Salmon, ►Saranac,Ausa])le, and  r)0U(i net  rivers.  Thesoutheni 
st  reams,  which  all  belong  tot  he  Hudson  systt»m,  are  Sacundaga,  Indian. 
('(Mlar,  Opalescent,  lioreas,  and  Schroon  rivers,  and  Kast  Canada  an<l 
\V(»st  (  ana<la  creeks.  All  these  streams  head  in  lakes,  of  which  i\w 
most  important,  tributary  to  the  St.  Lawrence,  are  Placid,  Saranao, 
St.  U(^gis,  Loon,  Hainbow,  ()>go(ML  Meacham,  3Iassawe[)ie,  Cranberry. 
Tuiqivr,  Smiths,  Albany,  lied  llors*'  Chain,  r>eaver,  lirandeth,  Boi: 
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er  Chain,  Big  Moose,  Fultou  Chain,  Woodhull,  Bisby,  Raquette, 
.  Blue  Mountain.  Typical  views  are  given  on  PI.  II. 
'ollowing  are  the  principal  lakes  of  the  Adirondack  Plateau  tribu- 
Y  to  the  Hudson  system :  Pleasant,  Piseco,  Oxbow,  Saeundaga,  Elm, 
rehouse,  Honnedaga,  West  Canada,  Wilmurt,  Salmon,  Spruce, 
iar,  Lewey,  Indian,  Rock,  Chain,  Catlin,  Rich,  Harris,  Newcomb, 
irteenth,  Henderson,  Sanford,  Colden,  Boreas,  Elk,  Paradox,  Brant, 
broon,  and  Luzerne. 

rhe  great  forest  of  northern  New  York  occupies  the  central  part  of 
B  Adirondack  Plateau,  and  deserves  notice  from  its  importance  as 
conservator  of  the  streams  issuing  from  that  region.  According 
a  map  accompanying  the  report  of  the  forest  commissioners  of  New 
rk  for  1891,  the  outlines  of  the  great  forest  are  substantially  as 
lows:  Its  eastern  boundary  coincides  quite  closely  with  a  line 
iwn  through  Keene  Valley  and  thence  along  the  valleys  of  Schroon 
srer  and  the  upper  Hudson;  its  southern  boundary  is  for  the  main 
rt  identical  with  that  of  Hamilton  County  and  the  town  of  Wilmurt, 
Herkimer  County,  although  in  some  places  the  forest  extends  a 
>rt  distance  into  Fulton  County;  its  western  boundary  is  the  county 
e  between  Lewis  and  Herkimer  counties ;  its  northern  boundary  runs 
an  irregular  line  from  a  point  near  Harrisville,  on  the  Lewis  and  St. 
wrence  County  line,  to  the  Upper  Chateaugay  Lake,  which  is  situ- 
^d  near  the  line  between  Franklin  and  Clinton  counties.  This 
Titory  contains  about  3,590,000  aeres,  of  which  3,280,000  acres  are 
isidered  to  be  covered  with  dense  forests.  Within  this  region  there 
^  from  1,300  to  1,400  lakes  and  ponds,  while  from  it  the  eighteen 
portant  streams  just  enumerated  diverge  in  every  direction.  The 
leral  elevation  of  the  Adirondack  Plateau  is  about  2,000  feet  above 
'■  level  of  the  sea.  Little  discussion  is  needed,  therefore,  to  show  the 
at  value  of  this  elevated  forest-covered  plateau  as  a  conservator  of 

natural  waters  of  the  State. 
^ne  important  utilization  of  the  waters  of  this  State  formerly  was 

carrying  of  logs  to  market  through  the  various  streams.  By 
Son  of  the  clearing  off  of  the  forests,  that  business  has  gradually 
lined,  until,  except  in  the  Adirondack  Plateau,  it  is  now  of 
e  importance.  It  has  been  the  policy  of  the  State  for  a  number 
years  to  acquire,  as  far  as  possible,  by  tax  title  and  purchase, 
ies  of  land  in  the  Adirondack  forest  for  the  purpose  not  only 
Conserving  the  forests  in  order  to  increase  the  yield  of  streams, 

for  the  further  purpose  of  creating  a  forest  park  worthy  of  the 
^t  Commonwealth  of  New  York.     In  order  to  carry  out  this  project 

forest-preserve  board  has  been  empowered  to  purchase  lands 
hin  the  forest,  or,  failing  to  agree  on  terms  with  the  landowners, 
«kke  lands  under  condemnation  proceeding.* 


be  State  holdings  in  the  Adirondack  Region  up  to  the  year  1895  may  be  determined  by  ref- 
ce  to  a  map  of  the  Adirondack  forest  and  adjoining  territory  a^  \«a\x<icV.  \i>j  NXia^^^TSRHix 
^  andforeat  commission  in  1885. 
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The  Adirondack  Plateau  is  a  ragged,  rocky  region,  apanely  popi- 
lated,  and  worthless  for  agricnltnre.  Its  chief  Talne  lien  in  a  earn- 
plete  utilization  of  such  natural  resources  as  attach  to  its  unpanl- 
leled  water-yielding  capacity.  *  From  thicr  poiat  of  view  it  may  eBsiij 
become  an  important  factor  in  the  future  development  of  New  TorL 
To  insure  this  result  the  water  yield  of  eveiy  stream  of  the  regim 
needs  to  be  conserved  by  reservoir  systems. 

TEMPERATURE  AND  PRECIPITATION. 


In  182t$  an  elaborate  system  of  meteorological  observatioiis  at  tti 
State  academies  was  inaugurated  by  the  board  of  regents  of  ib 
University  of  New  York  and  was  continued  until  1863.  Duiiiig  A 
portion  of  this  period,  and  later,  a  large  amount  of  data  was  obtaindl 
by  volunteer  observers  of  the  Smithsonian  Institution  and  at  miUtMi 
posts.  In  1871  the  United  States  Signal  Service  took  charge  of  irariE 
of  this  character,  and  in  1889  the  State  meteorological  bureau  tm 
organized.  There  is,  therefore,  a  large  accumulation  of  materU 
regarding  the  local  climate,  such  that  an  account  of  it  would  eztni 
beyond  the  limits  of  this  i>aper.  For  details  reference  should  In 
made  to  the  volumes  oh  meteorology  published  by  the  board  of 
regents  of  the  State  University;  also  to  the  bulletins  and  amiiiil 
rei>orts  of  the  State  meteorological  bureau  and  of  the  United  Stalai 
Weather  Bureau. 

To  facilitate  tlie  study  of  meteorological  data  the  individual  sU- 
tions  liave  ]>een  grouped  in  accordance  with  topographic  features  and 
geographic  position,  the  subdivisions  being  as  shown  in  the  aoeom- 
panying  table.  The  names  indicate  in  a  general  way  the  relatiTe 
position,  tlie  Western  Plateau  including  the  jwrtion  of  the  Aj^ 
laehian  Highlands  west  of  Seneca  Lake,  and  the  Eastern  Plateau  tlie 
remainder  of  the  Appalachian  Highlands  from  Seneca  Lake  eastwvd 
to  the  Hudson  Valley. 

The  average  annual  temperature  is  generally  taken  as  decreasiiiK 
with  altitude  at  the  ratio  of  l""  F.  to  ever}'^  300  feet  of  elevation,  the 
rate  being  somewhat  below  this  average  in  winter  and  above  it  iB 
summer.  An  approximate  determination  for  the  State  indicates  tbit 
the  rates  of  decrease  are  .3°  F.  per  hundred  feet  elevation  fortte 
winter,  and  .4''  F.  per  liundred  feet  for  the  summer.  For  the  moan- 
tains  of  northern  X(»w  York  a  much  smaller  variation  than  .3"  F. 
appears  to  hold  for  tlie  winter  months. 
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.verage  monthly  and  annual  temperatures  for  the  SfS-year  period,  1871-1892,  (a) 
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37.1 

35.0 

36.3 

lecexnber. 

26.7 

25.9 

21.2 

34.5 

28.5 

21.8 

22.2 

28.4 

28.3 

25.8 

26.3 

Average 

44.8 

44.7 

40.3 

50.8 

48.4 

43.2 

42.8 

46.0 

47.0 

45.2 

45.4 

a  From  fifth  annual  report  of  the  Stato  weather  bureau. 

The  intimate  relation  which  exists  between  air  circulation  an3  pre- 
ipitation  in  New  York  is  one  of  the  most  interesting  facts  to  be 
LOted.  Owing  to  lack  of  moisture  in  the  continental  interior,  north- 
rest  winds  in  the  spring,  summer,  and  fall  are  essentially  dry. 
ii  winter  their  dryness  proceeds  from  low  temperature  and  conse- 
inent  small  vapor-carrying  capacity.  The  wMnter  precipitation  is  due 
ilmost  entirely  to  storm  areas  passing  either  actually  across  or  in  the 
ricinity  of  this  State  and  deriving  their  supply  of  vapor  from  the 
nflow  of  moist  air  which  they  induce,  either  from  the  Atlantic  Ocean 
rt  from  the  Gulf  Region. 

The  winter  months — December,  January,  and  February — ^have 
lomewhat  less  precipitation  than  either  of  the  other  seasons,  although 
n  the  vicinity  of  the  Atlantic  coast,  on  the  soutliwestern  highlands 
>f  the  State,  and  in  the  region  of  the  Great  Lakes  the  winter  precip- 
tation  is  relatively  large. 

In  the  spring  rising  temperature  produces  a  modification  and  shift- 
ing of  pressure  systems,  the  winds  decreasing  in  velocity  and  their 
iirections  being  more  variable  than  in  winter.  The  frequent  show- 
ers occurring  in  April  and  May  appear  to  be  due  more  than  at  any 
other  time  to  the  effect  of  an  admixture  of  air  having  different  tem- 
peratures. 
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Id  Slimmer  the  Gulf  of  Mexico  and  the  Atlantic  Ocean  rioDtribUt 
large  supplies  of  moletiire  to  nor! h ward- moving  sir  currenU,  u^ 
altlioogh  cyclonic  depi-essions  are  less  frequent  than  at  aay  other  m 
son,  tlie  rainfall  accompanying  eacti  storm  is  heavy,  and  in  XewM 
the  uiasimuni  seasonal  precipitation,  amounting  as  an  avcntgiWif 
the  whole  Stat«to  10.9ft  inches,  otM^urs  in  this  Reason. 

As  regards  the  fall  months,  the  rainfall  of  September  )k  dkiuU; 
light  in  the  region  east  of  the  Great  Lakes,  while  in  Ocl^bcr  tliv  luii' 
hnum  general  rainfall  occurs.  As  regards  meteorologic^il  cunditim^ 
winter  may  bo  oonsidereil  as  beginning  in  November, 


Avenmf  firtiyiiiHafi'm  i\ 


"  York  Stnlf,  in  inclwii. 


Altttude  (taat)  a... 
Jasoary 

Hwdi 

ApA 

ii»r 

Jnne 

July 

Angn^ 

September 

October 

November 

December 

Annual 

Storage  period 

Orowing  period 

Beplenishlng  period 


10.61 
8.94 


10.87 
10.14 


21.39 
18.27 
11.37 


a  Avoimge  tdtltiide  of  sMtlons  oonaldervd, 

A  Btndy  of  the  data  shows  that  there  are  a  number  of  cnnWn^ 
forces  which  are  distinctively  operative  in  New  York,  and  itbithl 
modifying  one  another  tend  to  produce*  numerous  irregularities  of  i 
rainfall.  So  irregular  indeed  is  the  precipitation  that  frc-qnW 
places  only  a  shoi-t  distance  apart  show  vi-ide  variations. 

In  a  general  way  it  may  be  said  that  the  amounts  of  annual  rainbC 
in  different  sections  of  New  York  are  mainly  determined  hypW 
imity  to  souities  of  vapor  or  to  vapor-laden  air  currents,  and  hjlH 
(-/jfli-scter  of  the  local  topography.  As  regards  the  latter  gtaleinenlil 
luore  <iefiiiite  form  wuuV^V  be  \,\\a\  viwiw  wtoNNbs  i^wDiiA-wms  tbein 
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Lration  is  in  some  degree  proportionate  to  the  altitude.  This  rule, 
le  generally  true,  does  not  apply  to  the  valley  of  Hudson  River, 
re  the  upper  jwrtion,  including  the  Champlain  Valley,  receives  a 
ewhat  deficient  rainfall  as  compared  with  the  State  as  a  whole, 
the  west,  the  Adirondack  Plateau  receives  a  marked  increase  of 
if  all,  while  farther  northwest  there  is  a  decrease  in  the  valley  of 
St.  Lawrence.  This  is  also  true  of  the  elevated  region  in  the 
nity  of  Hemlock  Lake,  which,  although  several  hundred  feet 
ler,  has  a  rainfall  considerably  less  than  that  at  Rochester. 
1  the  southeastern  portion  of  the  State  the  ocean  winds  find  no 
bi-uction  along  the  coast,  but,  passing  inland  and  meeting  the 
upt  ranges  of  the  southeastern  counties,  give  a  copious  rainfall,  as 
ipared  with  that  of  the  intervening  regions. 

iTestern  New  York,  on  account  of  the  frequent  southwesterly  direc- 
i  of  the  winds,  receives  an  appreciable  portion  of  its  vapor  supply 
n  the  Gulf  of  Mexico.  The  rainfall  in  central  New  York,  although 
than  that  of  the  southeastern  and  southwestern  highlands,  is 
erally  abundant.  The  principal  valleys  of  the  Susquehanna  sys- 
i,  and  also  the  depression  of  the  central  lakes  tributary  to  Oswego 
er,  show  a  deficiency  as  compared  with  the  average  of  the  State. 
L  knowledge  of  the  snowfall  is  important  in  a  study  of  the  water 
purees,  because  by  reason  of  the  snow  lying  on  the  ground  con- 
lously  for  several  months  it  is  a  great  source  of  loss  in  open  regions 
ject  to  severe  winds,  the  evaporative  effect  of  the  winds  tending 
arry  away  large  quantities  of  moisture  which  would  otherwise  be 
liable  to  maintain  stream  flow.  Thus  far  the  only  data  relating 
lepth  of  snow  are  those  derived  from  the  reports  of  the  State 
eorological  bureau.  The  following  are  a  few  figures  so  derived: 
he  winter  of  1891-92  the  total  depth  of  snow  at  Humphrey,  in  the 
item  Plateau,  was  119.8  inches;  in  1890-91  the  total  depth  at 
perstown,  in  the  Eastern  Plateau,  was  110  inches;  in  1891-92  the 
1  depth  at  Constableville,  in  the  Northern  Plateau,  was  170.7 
les;  in  the  winter  of  1890-91,  at  Utica,  in  the  Mohawk  Valley,  the 
I  depth  was  165  inches,  and  in  1891-92,  at  the  same  place,  151.6 
les.  The  records  show  that  at  the  places  where  these  large  snow- 
a  occurred  the  ground  was  continuously  covered  with  snow  for 
ftral  months.  If  the  winds  were  of  high  velocity  at  the  same  time 
evaporation  loss  must  have  been  verj^  great. 

ROCKS  AND  STREAM  FLOW. 

mong  the  principal  factors  affecting  stream  flow  should  be  noted 
structure  and  texture  of  the  rocks,  especially  those  of  the  surface, 
example,  in  regions  with  stiff,  heavy,  compact  soils  a  much  larger 
jortion  of  the  rainfall  runs  off  on  the  surface,  passing  immediately 
the  streams,  than  is  the  case  in  regions  with  open,  porous  soils  or 
naive  sandy  areas.     A  general  knowledge  ot  \Xve  ^wtlwift  %^<^<^^ 
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is  ilierefore  desirable  in  a  study  of  the  water  resources  of  the  State. 
The  relative  position  and  area  of  the  different  geologic  formations  an 
best  shown  on  the  large  geologic  map  of  New  York  prepared  under 
the  direction  of  James  Hall,  State  geologist,  by  W.  J.  McGeo,  and 
printed  by  the  United  States  Geological  Survey  in  1894  (scale,  abod 
5  miles  to  the  inch).  A  similar  but  smaller  map  showing  essentiaHj 
the  same  features  was  also  printed  in  the  same  year  under  authority 
of  the  regents  of  the  universit}'  to  accompany  the  report  on  tk 
mineral  exhibit  of  New  York  at  the  World's  CJolumbian  Exposition, 
this  being  on  tlie  scale  of  approximately^'  14  miles  to  an  inch.  On  exam- 
ining either  of  these  maps  one  will  note  the  preponderance,  sofaru 
area  is  concerned,  of  two  classes  of  rocks — ^the  ancient  cr^'stalline*, 
which  cover  a  large  area  in  the  northern  part  of  the  State,  and  tlie 
conglomerates,  sandstones,  and  shales  of  the  Devonian,  which  fom 
the  greater  part  of  the  Appalachian  Plateau,  stretching  from  Lake 
Erie  across  the  State  to  within  a  short  distance  of  Hudson  River,  this 
being  the  area  classified  by  the  State  weather  bureau  as  the  Eastern 
and  Western  plateaus.  The  streams  from  the  northern  cr}T>talline 
area  undoubtedly  furnish  the  best  water  supply  of  the  State.  This 
may  not  be  due  wholly  to  the  character  of  the  rocks,  as  many  other 
factoids  contribute  to  this  result. 

The  sandstones  of  the  Upjxjr  Devonian  along  the  northern  bomidarT 
of  Pennsylvania  are  bounded  on  the  noHh  by  the  long  narrow  beltsof 
outcrop  of  the  underlying  rocks  stretching  in  a  general  easterly  ani 
westerly  direction.  The  stn^ams  pursuing  a  general  northerly  conMe 
pass  in  succession  acr(»ss  tliese.  As  a  rule,  the  soils  of  the  regional 
hoavy,  with  considcniblo  chi}',  and  the  rainfall  l>eing  absorbed  some 
wiiat  slowly,  a  considerable  portion  of  it  flows  directly  into  the  water 
courses.  The  primeval  forest  has  for  the  most  part  Ix^en  cnt  awjy 
and  heavy  floods  are  coninion,  such  as  those  of  the  Genesw  and 
Chemung  rivers,  d(»scril)cd  more  fully  on  a  later  page. 

TIk^  only  st  reams  (»f  this  region  on  which  extensive  dischaii'ge  lUfas- 
urciiieiits  have  been  made  arc  (rcncsce  River  and  it*i  tributary,  Oatki 
Creek.  Streams  of  similar  character*  in  western  Pennsylvania,  how- 
ever, liave  been  measured  for  a  numb(»r  of  yeai'S  by  the  Philadelphii 
wat(M'  departiiieiit,  and  the  results  of  these  measurements  are  avail- 
able for  comparison  and  dis(*ussion.  The  residts  obtaininl  on  the 
Pennsylvania  streams,  tlie  Neshaniiny,  Tohickon,  and  Perkiomen.afr 
applica]>le  i)articularly  in  estimates  of  the  flow  of  the  tributaries 'if 
Delaware  Kiv(»i-,  risinjr  in  New  York  State,  and  to  the  more  east<*rly 
streams  wiiicii  form  tiio  Susciuehanna. 

The  drainage  basinsof  tiie  Osweiro,  Mohawk,  and  Hudson  riversaff 

so  iiighly  comp(»sitc  as  reganls  <i:eoh»gic  formations  and  embrace  sucL 

a  wi(l(»  variation  in  topograi)hy  and  surface  geology  that  no  definite 

(/<v/i/cfions  concerniu*^  \\\e  elt^H'toC  the  formations  on  water  flow  ha"'' 

}}ecn  drawn.     The  streams  uV  \i^nvv^  \s\\\\\Cy.^  y\^\\v^  v\\\\<^>tvv;' xW^'fAwls 
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Us,  aoA  gravels  of  compamtively  receut,  uatiousolidated  formatioiu, 
fer  peaaliar  conditioDs,  which  are  discussed  on  a  later  page. 


HIVER  SYSTEMS. 


The  rivers  of  the  State  may  be  classified  into  seven  general  syateins, 
hoee  relative  position  is  shown  by  the  accompanying  index  map, 
g.  1.     These  are: 

(1)  St.  Lawrence  system,  which  includes  all  waters  draining  to  Lakes 
rie  and  Outario,  and  Niagara  and  St.  Lawrence  rivers. 


(3)  Champlain  system,  ineliidiiig  all  streams  in  tlio  State  tributary 
0  Lakes  Champlain  and  George.     The  Olianiplain  system  is  in  reality 

subdivision  of  the  St.  Lawrence,  but  made  separate  hei-e  merely  for 
onveuience  in  discussing  the  river  systems  of  the  State. 

(3)  Hudson  River  system,  including  all  streams  tributary  to  the 
[ndson  and  it«  main  branch,  the  Mohawk. 

(4)  Allegheny  River  system. 

(5)  Sosqaehanna  River  system. 

(6)  Delaware  River sj.stem. 
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(7)  The  streams  of  Long  Island  tributary  to  Long  Island  Sound  ai 
the  Atlantic  Ocean. 

The  head  watera  of  the  branches  of  Housatonic  River  in  Connec' 
cut  flow  out  of  the  State  to  the  east,  while  the  head  waters  of  Rama^ 
River,  in  Rockland  County,  flow  from  New  York  into  New  Jers^ 
These  latter  are  of  possible  future  importance  by  reason  of  the  nech 
sity  of  water  for  the  supply  either  of  Greater  New  York  or,  in  t 
case  of  Raraapo  River,  also  for  the  municipalities  of  northern  Ne 
Jersey.  Chateaugay  River,  a  tributary  of  the  St.  Lawrence,  »lsc 
flows  northward  into  the  Dominion  of  Canada. 

ST.  LAWRENCE  RIVER  SYSTEM. 

This  group  embraces  the  streams  tributary  to  Lake  Erie,  Niagara 
River,  Lake  Ontario,  and  St.  Lawrence  River.     On  the  extreme  south- 
west, in  Chautauqua  County,  the  watershed  line  approaches  within  a 
few  miles  of  Lake  Erie,  but  at  an  elevation  of  several  hundred  feet 
above,  and  as  a  consequence  the  streams  are  short  and  rapid.  A 
small  amount  of  power  is  developed  on  Chautauqua  Creek  at  West- 
field,  and  on  Canadaway  Creek  near  Fredonia.     Cattaraugus,  Buf- 
falo, Tonawanda,  and  Oak  Orchard  creeks  may  also  be  mentioned 
as  tributaries  of  Lakes  Erie  and  Ontario  and  Niagara  River  in  west- 
ern New  York.     Buffalo  Creek  is  important  as  forming  a  large  portion 
of  Buffalo  Harbor  at  its  mouth.     Tonawanda  Creek,  which  flows  into 
Niagara  River  at  Tonawanda,  is  used  for  several  miles  as  apartoi 
Erie  Canal.     This  stream  is  sluggish  throughout  nearly  its  wlioU 
course  and  affords  only  a  small  amount  of  power.     The  water  siippl] 
of  the  village  of  Attica  is  taken  from  its  head  waters. 

NIACiARA    RIVER. 

Niagara  River  forms  a  portion  of  the  boundary  between  the  Domir 
ion  of  Canada  and  the  Stat(5  of  New  York.  The  difference  in  elevatio 
between  Lakes  P>io  and  Ontario  is,  approximately,  33G  feet,  of  whic 
about  100  feet  are  at  Niagara  Falls.  Between  Lake  Erie  and  Niagai 
Falls  the  river  divides  into  two  cliannels  around  Grand  Island,  whic 
is  10  miles  long  and  4  or  5  miles  wide.  The  general  course  of  tl 
river  is  from  south  to  north,  but  in  passing  around  Grand  Island  tl 
eastern  channel  bends  westward,  and  for  3  miles  from  the  foot 
the  island  tlie  course  of  tlie  river  is  wc^st. 

Goat  Island  lies  at  tlie  foot  of  tliis  westerly  stretch.  On  the  N( 
York  side  the  American  channel  finds  its  way  around  the  island 
tlie  American  Falls,  which  break  over  tlu^  I'ough  ledge  at  right  angl 
to  the  main  river.  The  Horseshoe  Falls,  on  the  Canadian  side,  « 
about  3,000  feet  higher  up  and  lie  between  the  west  end  of  Goat  Isla 
and  the  Canadian  shore.  At  the  C/anadian  Falls  the  main  river  agii 
turns  to  the  north  and  pursues  that  general  eoui'se  to  Lake  Ontar 

The  elevation  of  the  water  surface  at  the  head  of  the  rapids  abo 
tho  falls  is  500  feet  above  VVdc  \va\A>\\\\\\\^  ^wVw^^i-sWt^QUL  the  La 
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Erie  level  to  that  point  of  from  12  to  13  feet,  of  which  from  4  to  5  feet 

»re  included  in  the  rapids  at  the  city  of  Buffalo,  in  front  of  and  just 

l>elow  Fort  Porter.     The  descent  in  the  river  from  the  head  of  the 

xapids  to  the  brink  of  the  falls  is  about  50  feet.     At  the  narrows,  half 

a  mile  above  the  whirlpool,  the  elevation  of  the  water  surface  is  300 

feet,  while  that  of  the  surface  of  the  still  water  opposite  Lewiston  is 

249  feet;  the  fall  in  this  section,  which  is  from  4  to  4.5  miles  in  length, 

may  therefore  be  taken  at  51  feet,  while  from  Lewiston  to  the  mouth 

at  Fort  Niagara  the  fall  is  only  2  feet  in  a  distance  of  7  miles.     The 

total  length  of  Niagara  River  is  about  37  miles. 

On  account  of  the  immense  water-power  developments  now  taking 

place  at  Niagara  Falls  the  run-off  of  Niagara  River  must  necessarily 

receive  extended  discussion   in  a  complete  account  of  the  water 

resources  of  New  York. 

GENESEE   RIVER. 

Genesee  River,  as  shown  on  PI.  Ill,  issues  from  the  highlands  of 
the  Allegheny  Plateau  in  Potter  County,  Pennsylvania,  a  few  miles 
south  of  the  New  York  State  boundary.  Entering  Allegany  County, 
it  first  runs  northwesterly  for  upward  of  30  miles  to  near  the  village 
of  Canadea,  at  which  point  it  turns  northeasterly,  this  direction  being 
generally  maintained  to  the  mouth.  It  flows  entirely  across  the  county 
of  Allegany  and  then  for  several  miles  forms  the  boundary  between 
Livingston  and  Wyoming  counties,  after  which  it  crosses  the  north- 
east part  of  Livingston  into  Monroe  County,  through  which  it  con- 
tinues to  its  mouth  at  Charlotte.  Above  Portage  its  course  from  the 
State  line  is  chiefly  through  an  alluvial  valley. 

From  Portage  t^  Mount  Morris  the  river  flows  through  a  deep  and 
in  some  places  narrow  canyon  for  a  distance  of  over  20  miles.  The 
Portage  Falls,  with  a  total  descent  including  the  intervening  rapids 
of  about  330  feet,  are  at  the  head  of  this  canyon.  The  Upper  Portage 
Falls  have  a  descent,  including  the  rapids,  of  about  70  feet.  Half  a 
mile  below  are  the  Middle  Falls,  shown  on  PI.  IV,  with  a  descent  of 
110  feet;  while  2  miles  below  begin  the  Lower  Falls,  consisting  of  a 
series  of  rapids  about  half  a  mile  long  with  an  aggregate  fall  of  150 
feet.  These  three  falls  may  be  taken  as  aggregating  about  270  feet, 
exclusive  of  the  rapids.  At  present  no  power  developments  exist. 
Formerly  a  sawmill  was  located  at  the  Middle  Falls,  but  on  account 
of  the  extinction  of  the  lumber  business  on  the  stream  it  has  not  been 
operated  for  many  years. 

At  Mount  Morris,  Genesee  River  issii(\s  into  a  broad,  level,  alluvial 
valley  from  1  to  2  miles  wide,  wliich  continues  to  near  Rochester, 
where  there  is  a  descent  of  203  feet  in  about  3  miles.  The  Upper 
Falls  at  Rochester,  90  feet  in  height,  are  a  cataract  in  the  Niagara 
limestone,  while  at  the  Lower  Falls,  94  feet  in  height,  shown  on  PI. 
V,  the  Medina  sandstone  appears. 

The  principal  tributaries  of  0(Miesee  Rivev  are  Ca\i«^^^«».^^^^^^^" 
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ovi*,  a  IK  I  Coiiesiis  eircks  from  tlio  oast,  and  Oatka,  Black,  aud  Wisely 
<'re(>ks  from  the  west.  Iloiieoye,  Canadice,  and  Hemlock  lakes  an? 
tributary  to  the  Iloneoye  Creek,  and  Conesus  Lake  to  Conesus  Creek. 
Silver  Lake  is  another  small  Ixnly  of  water  in  the  Gtenesee  Basin  ami 
tributary  to  the  river  by  the  Silver  Lake  outlet.  Canaseraga  Creek 
joins  (Tenes(^o  River  near  Mount  Morris.  From  Dansville  to  ita  mouth, 
a  distanee  of  V*  niilc^s,  this  creek  flows  through  a  broad  alluvial  val- 
ley with  very  little  fall.  Above  Dansville  the  stream  is  more  rapid, 
but  tlie  eomparatively  small,  deforested  drainage  area  limits  its  value 
foi*  wattM-  power,  lloneoye  Creek,  which  is  the  outlet  of  Honeoye. 
Canadice,  and  Hemlock  lakes,  furnishes  some  water  power.  There 
are  also  several  mills  on  the  outlet  of  Conesus  Lake. 

Formerly  there  were  a  number  of  mills  on  the  Silver  Lake  outlet, 
but  changed  business  conditions  have  led  to  their  decay.  The  other 
tributaries  of  the  Cenesee  have  little  significance  as  mill  streanu.  It 
appeal's,  then,  that  the  two  places  of  imix)rtance  on  Genesee  River, 
from  the  water-power  point  of  view,  are  Portage  and  Rochester. 
These  will  be  discussed  in  detail  farther  cm. 

The  foUowinjr  table  gives  the  det^iil  of  the  several  snbdivisious  uf 
tlio  drainage  area  of  (4enesee  River: 

Drm'iKKjv  arms,  in  Mfjmtrr.  inilvs,  of  irihntan'eit  of  Gent'ste  Riivr. 
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The  following  tabulation  gives  the  elevation  of  Genesee  River  at 
various  points.. 

Elevation  above  tide  water  of  Oenesee  River  at  iJarious  points. 

Feet. 

Mean  sarfaoe  of  Lake  Ontario 247 

Crest  of  the  feeder  dam  in  south  part  of  the  city  of  Rochester 510 

LfOW- water  surface  of  river  at  New  York,  Lake  Erie  and  Western  Railway 

bridge  near  Avon 588 

Crest  of  old  Mount  Morris  power  dam 605 

Water  surface  just  above  Upi)er  Falls  at  Portage 1, 080 

Water  surface  at  New  York.  Lake  Erie  and  Western  Railway  bridge  near 

Belvidere 1,388 

The  extreme  head  waters  in  Potter  County,  Pennsylvania,  are  stated 
to  be  considerably  over  2,000  feet  above  tide. 

OSWEGO   RIVER. 

Oswego  River  flows  into  Lake  Ontario  at  the  city  of  Oswego.  Its 
basin  includes  the  more  important  of  the  inland  lakes  of  western  New 
York.  Taking  the  lakes  of  the  Oswego  River  Basin  in  order  from 
west  to  east,  their  names,  elevations  above  tide,  area  of  water  surface, 
and  tributary  drainage  area  at  the  foot  of  each  lake  are  as  follows: 

Elevation  and  area  of  lakes  of  the  Ostvego  River  Basin. 


Canandaigna 

Keuka 

Seneca 

Cayuga  

Oswaco 

Skaneateles  . 

Otisco 

Onondaga 

Cazenovia 

Oneida 


Elevation 
above  tide. 


Drainage 
area. 


Feet. 

687.0 

720.0 

443.0 

380.0 

710.0 

867.0 

784.0 

364.0 

900.0 

370.0 


The  following  aro  the  drainage  areas  of  Oswego  River  and  its  prin- 
cipal tributaries: 

Drainage  areas  of  Oswego  River  and  principal  tributaries. 

Bq.  mileB. 

Oswego  River  at  month 5, 013 

Below  junction  of  Seneca  and  Oneida  rivers 4, 868 

OnmdaBiver. ^'"^^ 

Seneca  River - "^  ^**^ 
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The  subdiviaioDs  of  Ihe  dainage  area  of  Seoeca  River  are  » 
follows: 

SiiMiriiiimin  iif  draiiinyf  iirai  •>/ Seiieca  River. 

At  junction  with  Oneiila  River    •.!■'' 

At  Balilwinaville - -  -   J,l« 

At  Uont«Knma US 

Below  CaytiKii  Lako - IM 

At  entrance  to  Cayuga  Lake .- -  M 

At  Seneca  Falls  -- - W 

Wat^Tloii 76 

At  foot  of  Seneca  Lake .    W 

Keuka  Lnkf  Outlet ... IB 

CatherineH  Creek  .. H 

TIio  dmiun^c  iimns  of  (.'ayuKii  IjiikGHiiil  its  tribiititriesare  asfollon: 

Drainage  invnn  tif  Cagi"/"  Lake  anil  Iribitlarien. 

Bq.-b 

At  outlet an 

CaynKa  Inlet,  including  PaHcadilla  Creek IB 

Fall  Creek,  not  including  Caacuililla(?reek_       IS 

Salmon  Creek 91 

Taughanic  (^reck « 

Clyde  lliver,  a  irilmliiry  <if  Spiicoa  Hiver,  is  formed  by  the  jnnrtki 
of  (^aiiaiidjufiuu  Outlet  and  Mud  Creek.  The  latter  stream  riae*  i» 
the  Hoiitlierii  part  of  Oiitiiriii  I'oiiiily  niul  flows  first  north  and  Ikto 
ca«t,  iiiutiiiK  witli  OaiiinidiiiKiiii  Oiillot  iit  Lyons.  Clyde  River  j(A» 
SeiH'ca  Kivcrat  .Moiilcziiina.  'I'lic  followiiifr  are  Ihe  ilriiiiiageuev 
of  Clyily  Hivrr  and  trilmtarics: 

lyminai/,-  arrnn  iif  Clyde  Riivr  'iml  /W/.-i/.ii ■!.■.«.  ~^m 

84-49 

At  month _ ...i^ 

At  Clyde  ..  , ;,^^^-."  '.l^H 

At  LyouB,  at  junction  of  Caiianilnietin  Outlet  nnd  Muil^^B|^  .    .      ..    .j3 
Mud  (-'reek  at  Lyons ^^^■^^SK.  SK 


At  month  .^1 
At  Anbnm.-H 
Owasco  Lake  H 
Owuco  Inlet.  1 


4 

^U  '■ 
^  1 1 


i 

.1 


1"  i: 


1 1 

ill 
I'l- 

I 
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^ii 


^li 


r 


3 


r;2  ^ 
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The  drainage  areas  of  Oneida  River  and  its  principal  tributaries 
•e  »8  follows: 

Drainage  areas  of  Oneida  River  and  principal  tributaries, 

Sq.  miles. 

aeida  River  at  month _  i 1 ,  420 

neida  Lake  at  foot 1,800 

ish  Creek 480 

bittenan^o  Creek,  including  Cazenovia  Lake 806 

neida  Creek 128 

The  Oswego  River  and  its  tributaries  furnish  a  large  number  of 
^ater  powers,  the  detail  of  which  may  be  obtained  from  the  Report 
Q  Water  Power  of  the  United  States,  Tenth  Census  of  the  United 
tales,  1880.     Very  little  can  be  added  to  the  statements  in  that  report. 

The  next  stream  of  any  importance  tributary  to  Lake  Ontario  is 
lig  Salmon  River,  which  rises  in  the  highlands  of  Lewis  County  and 
ows  westerly  into  Lake  Ontario.  This  stream  was  extensively  con- 
idered  several  years  ago  as  the  source  of  water  supply  for  the  city  of 
y racuse,  the  water  to  be  taken  at  a  point  about  40  miles  distant  from 
he  city.  Its  watershed  above  the  proposed  point  of  diversion  com- 
prises 70  square  miles  of  forest  land  at  an  elevation  of  from  1,000  to 
,500  feet  above  tide  water. 

BLACK  RIVEE. 

Between  Big  Salmon  River  and  the  mouth  of  Black  River  there  are 

I  number  of  small  streams  flowing  into  Lake  Ontario,  none  of  which 
ire  of  special  importance.  We  may  therefore  pass  to  a  brief  descrip- 
ion  of  Black  River.  This  stream  rises  in  the  western  part  of  Ham- 
Iton  County  and  pursues  a  southwesterly  direction,  passing  across 
lerkimer  County  into  Oneida  County;  it  then  bends  to  somewhat 
vest  of  north  through  Lewis  County,  but  soon  after  passing  the  north- 
vesterly  boundary  of  that  county  it  changes  to  a  general  westerly 
jourse,  flowing  into  Black  River  Bay  at  the  extreme  eastern  end  of 
l<ake  Ontario.  Extensive  water-power  developments  are  in  use  on 
his  stream  and  its  tributaries,  at  Watertown,  Lyons  Falls,  Carthage, 
31ack  River,  Brown ville,  Dexter,  and  other  points.  There  are  also  a 
lumber  of  State  reservoirs  on  the  head  waters  which  will  be  discussed 

II  detail  later.  The  following  gives  the  elevation  in  feet  of  the  main 
>oints  on  Black  River  above  tide  water,  according  to  the  best  avail- 
ible  information. 

Altitude  of  points  along  Black  River, 

Feet. 

\tmonth 247 

W^atertown,  west  line  of  city:.  370 

UVatertown  at  head  of  falls 492 

Darthage  at  foot  of  rapids 669 

Ztothage  at  crest  of  State  dam 724 


». 
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Altitude  of  points  along  Black  Btoer— Gontiniied. 


Lyons  Falls  at  foot TM 

Lyons  Falls,  crest  of  State  dam -. 8tt 

Forestport,  crest  of  State  dam _ 1,19 

North  Branch  reservoir 1,881 

Chub  Lake 1,» 

Woodhnll  reservoir 1,8M 

South  Branch  reservoir ...  2,019 

Moose  River  at  mouth -..     809 

First  Lake,  Fulton  Chain 1, 

Second  Lake 1, 

Third  Lake 1, 

FourthLake- _ 1, 

Fifth  Lake 1, 

Sixth  Lake... 1,7 

Seventh  Lake 1,7© 

Eighth  Lake 1,80S 

Little  Moose  Lake 1,778 

Big  Moose  Lake 1,787 

Beaver  River  at  mouth ---- 781 

Beaver  Lake  at  Number  Four. 1,485 

The  drainage  area»  of  Bla(;k  River  and  its  tributaries,  in  square 
miles,  are  as  follows: 

Dniituxge  areas  of  Blojck  Rifxr  and  trilmtaries. 

Sq.  mfle& 

Black  River  at  mouth 1.880 

At  Watertown 1,830 

At  Carthage 1,741 

At  Lyons  Fulls  below  Moose  River . . 810 

Foresti)ort 275 

Above  mouth  of  Sawmill  Creek  . . 174 

Deer  River 107 

Beaver  River 5J65 

LovellCreok 34 

Independence  Cretjk 90 

Martins  Creek 20 

Otter  Creek 60 

Moose  River. 349 

Sugar  River 66 

STREAMS   FLOWINC;    INTO   ST.  LAWRENCE   RIVER. 

Proceeding  along  St.  Lawrence  River  we  find  h  number  of  strt»ains, 
such  as  the  Oswegatchie,  which  flows  into  the  St.  Lawrence  at  Ogdens- 
burg;  the  (xrass,  which  enters  the  St.  Lawrence  near  tlie  nortli  line 
of  th(»  State;  the  Raqiiette  and  St.  Regis,  flowing  into  the  St.  Law- 
rence a  short  distance  below  the  (thiss,  and  finally  the  Chat<?augay, 
which  flows  from  this  State  into  the  Dominion  of  Canada  and  thence 
into  the  St.  LawHMice.  These  streams  all  heail  in  and  about  the 
Adirondack  Plateau  and,  as  a  rule,  fall  rapidly  from  their  sources  to 
near  their  mouths,  affording  large  water  powers,  which  thus  far  have 
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been  chiefly  utilized  for  pulp  $nin<iiiig>  paper  making,  and  sawiug 
lumber. 

There  is  a  lack  of  definite  information  in  regard  to  all  the  streams 
of  the  northern  part  of  the  State.  No  detailed  surveys  of  this  region 
have  been  made.  Partial  reservoir  svstems  have  been  constructed 
on  Oswegatchie,  Grass,  and  Raquette  rivers.  Some  of  the  economic 
questions  involved  in  the  construction  of  these  reservoirs  will  be  dis- 
cussed in  Part  11  of  this  paper,  Water-Supply  Paper  No.  25. 

So  far  as  can  be  learned,  no  measurements  have  been  made  of  any 
of  the  streams  tributary  to  St.  Lawrence  River  proper.  It  is  probable, 
however,  that  they  are  the  best  water-yielding  streams  of  the  State, 
because  they  flow  from  the  great  northern  forest,  and  because  their 
head  waters  are  in  the  extensive  lake  region  which  lies  immediately 
west  of  the  main  Adirondack  Mountains,  and  which  extends  westward 
from  the  base  of  the  main  range  to  the  borders  of  the  forest,  a  dis- 
tance of  nearly  50  miles.  This  portion  of  the  Adirondack  Plateau  is 
comparatively  level.  As  regards  geographic  distribution,  these  lakes 
are  most  numerous  in  the  northern  parts  of  Herkimer  and  Hamilton 
counties  and  the  southern  jiarts  of  St.  I^awrence  and  Franklin  coun- 
ties. Those  in  Herkimer  County  flow  into  Moose  and  Beaver  rivers, 
tributaries  of  Black  River.  The  following  are  the  elevations  of  a  few 
of  the  more  important  lakes  of  Hamilton,  St.  Lawrence,  and  Franklin 
counties,  which  are  tributary'  to  streams  flowing  northward  into  the 
St.  Lawrence: 

Elevations  of  important  lakes  of  HamiU<ni.  St.  Ijucrem-e,  and  Franklin  counties. 


Lake. 


Feet.       I 


Cranberry 1, 540 

Raquette 1,774 

Forked 1,753 

liong ; 1,630 

Little  Tapper  ...  1.728 

BigTnpper 1,552 


LAKE   CHAMPLAIN    SYSTEM. 


Liake  Champlain  has  a  water  area  of  4(K)  sciuare  miU\s.  Tlio  area 
of  its  watershed  in  New  York  State  amounts  to  2,'JoO  square  miles,  in 
Vermont  to  4,270  square  miles,  and  in  the  Province  of  (Juebee  to  740 
square  miles.  The  total  area  of  watershcnl,  not  including  water  sur- 
face, is  7,960  square  miles,  or  the  total  area  of  the  drainage  basin, 
including  water  surface,  is  8, 300  square  miles.  Lake  (^hamplain  is 
considered  as  beginning  at  Whitehall  and  terminating  at  St.  Johns, 
on  the  Richelieu.     It^  length  is  125  miles  and  its  breadth  in  the 
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northern  portion  about  13  miles.  The  standard  low-water  elevation 
is  given  at  95.03  feet,  and  standard  high  water  at  103.78  feet,  abo?e 
tide. 

The  streams  tributary  to  Lake  Champlain  are  Big  Chazy,  Little 
Chazy,  Saranac,  Salmon,  Little  Ausable,  Big  Ausable,  and  Bouquet 
rivers  and  the  outlet  of  Lake  George.  There  are  also  a  few  small 
streams  of  no  special  importance. 

The  streams  tributary  to  Lake  Champlain  are,  as  a  rule,  not  of 
great  length,  but  rising,  as  they  nearly  all  do,  in  or  near  the  higb 
mountains  of  the  Northern  Plateau  they  have  a  rapid  descent  with 
an  abundant  fall.  For  illustration  we  may  refer  to  the  Saranac  River, 
which  has,  by  the  county  maps  of  Bien's  Atlas,  a  length  of  about  55 
miles  from  its  mouth  to  Lower  Saranac  Lake.  The  elevation  of  Lake 
Champlain  above  tide  water  is  101  feet,  while  that  of  Lower  Saranac 
Lake  is  given  at  1,539  feet.  Hence  the  fall  in  55  miles  of  river  course 
is  1,438  feet.  Middle  Saranac  Lake  lies  at  an  elevation  of  1,542  feet 
and  Upper  Saranac  at  1,557  feet. 

In  the  case  of  Ausable  River  we  find  a  distance  by  the  course  of 
the  river  of  about  40  miles  from  its  mouth  to  Lake  Placid,  the  eleva- 
tion of  that  body  of  water  being  1,864  feet  above  tide,  or  1,763  above 
Lake  Champlain;  or,  taking  the  distance  by  that  fork  of  Ausable 
River  which  leads  to  Ausable  Lakes,  the  distance  is  about  42  miles 
to  Lower  Ausable  Lake,  the  elevation  of  which  is  1,961  feet  above 
tide;  hence  we  have  a  fall  in  this  stream  of  1,860  feet  in  a  little  over 
40  miles.  The  water  power  of  tlio  several  streams  tributary  to  Lake 
Champlain  has  been  extensively  developed  at  Plattsburg  and  other 
points,  as  indicated  by  the  tabulations  relating  to  pulp,  paper,  jind 
lumber  interests. 

The  most  southerly  tributary  of  Lake  Champlain  of  any  importance 
for  water  purposes  is  the  outlet  of  Lake  George,  which  in  about  2 
miles  has  a  fall  of  222  feet.  The  greater  portion  of  this  is  concen- 
trated in  the  first  mile  from  the  lake.  The  elevation  of  Lake  George 
above  tide  water  is  323  feet.  The  area  of  the  lake  surface  is  stated 
at  50  square  miles,  and  the  tributary  drainage  area  above  the  foot  of 
the  lake  at  238  square  miles.  In  the  absence  of  accurate  topographic 
maps  the  drainage  area  of  Lake  George,  like  tliat  of  most  of  the  other 
streams  considered,  can  be  given  only  approximately. 

As  will  be  shown  later,  the  streams  in  eastern  New  York  can  not  be 
depended  on  to  furnish  a  natural  flow  of  more  that  about  0.3  cubic 
foot  per  square  mile  per  second  as  a  minimum  in  a  dry  year.  On 
account  of  the  large  water  surface  of  Lake  George  in  proportion  to 
the  drainage  area,  it  is  possible,  by  utilizing  the  storage  on  the  lake 
surface,  to  realize  a  much  larger  quantity.  From  0.7  to  0.8  cubic 
foot  per  seciond  per  square  mile  may  be  assumed  as  a  conservative 
estinmte,  the  results  being  based  on  allowing  the  water  to  flow  out 
of  the  lake  24  hours  i)er  day  for  only  310  days  in  the  year.      On  this 
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basis  we  may  iissuiuo  a  iiieaii  flow  for  ininiiniiin  dry  y('ai*8  of  a1)0iit 
200  cubic  feet  i>er  second.  Since  the  entire  222-foot  fall  of  tlie  Lake 
George  Outlet  is  now  utilized,  we  may  place  the  i)ermanent  power  in 
a  dry  year  at  about  5,(KX)  gross  horsepower.  The  village  of  Ticon- 
deroga,  at  which  this  power  is  all  utilized,  had  a  ]>opulation  in  1800 
of  2,267. 

Wood  Creek,  the  most  southerly  tributary  of  Lake  Champlain,  is 
of  interest  in  a  study  of  the  water  resources  of  New  York,  (ihiefly 
because  of  its  relations  to  Champlain  (-anal,  its  channel  being  utilized 
for  several  miles  as  part  of  the  canal.  At  Fort  Ann  there  is  con- 
'  riderable  i)Ower  develoiMHl  on  one  of  its  tributaries,  used  at  present 
for  grinding  pulp. 

HUDSON    RIVER   SYSTEM. 

Hudson  River,  with  its  principal  Iribntar}',  the  Mohawk,  is  the  most 

important  river  of  the  State.     From  its  moulh  to  Troy,  a  distance  of 

over  150  miles,  it  is  a  great  inland  estuary  subject  to  tidal  action, 

And  becAUse  of  its  great  length  and  the  large  fresh-water  inflow  it  is 

-unique  among  inland  estuaries.     From  the  flrsl  landing  of  the  Dutch 

€>n  Manhattan  Island  to  the  xiresent  time  it  has  been  an  important 

<9ihannel  of  commerce.     On  liis  voyage  of  discjovcjry  in  1000,  Ilendrik 

Sadson  ascended  to  the  head  of  tide  water,  and  dou]>tl(»ss  discerned 

-Che  iK)8sibilities  of  future  settlement  which  wen^  so  soon  realized  at 

Albany,  Waterfoi-d,  and  Sclienectfidy.     The  tidal  action  of  I[u<ison 

deliver  originally  terminated  at  the  rapids  above  Troy,  but  its  iiresent 

-ftermination  is  a  few  miles  below,  at  the  Troy  dam,  a  sli-ucture  erected 

^bout  1820  as  a  part  of  the  State  canal  system.     Th(»r(»  is  a  lock  at 

-•ihe  east  end  of  this  dam  through  wliich  canal  boats  ])ass  into  the  pool 

^bove,  thus  enabling  tliem  to  reach  Lansingburg  on  the  east  side  of 

'i>he  river,  or  Waterfonl  on   the  west  side,   where  they  may  enter 

^^amplain  Canal. 

Below  Troy  the  tributaries  of  Hudson  River  are  mostly  small  and 
fiTBnerally  not  of  very  great  imiM)rtance,  although  some  of  them  luive 
oonsiderable  power  development.  One  of  tliem,  Croton  River,  is  the 
nciiial  source  of  water  supply  of  the  city  of  New  York.  On  this 
of  the  river  the  drainage  basin  is  rather  narrow,  and  many  of 
streams  issuing  from  the  liighlands  at  either  side  have  such  small 
linage  areas  as  to  carry  only  moderate  ([uantities  of  water.  In 
mding  the  river  from  Troy  the  principal  streams  are,  on  the  west 
•^<ie,  Normankill,  Catskill,  Esopus,  and  Rcmdout  creeks,  and  on  the 
side  Kinderhook,  Wappinger,  and  Fishkill  creeks  and  Croton 
'^er.  Harlem  River,  ccmnecting  tlie  Hudson  witli  East  River,  may 
JUentioned,  in  view  of  its  value  to  navigation  interests,  as  an  impor- 
^*^t  feature  of  the  water  resources  of  New  York. 

I^lie  following  are  the  elevations  of  mean  tide,  mean  low  tide,  and 
kn  high  tide  above  moan  sea  level  at  'Now^oyV,  awvV  \>\^\\\vi.\N.\v\\»fo 
IRB  24 3 
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and  fall  of  tides  at  varioas  XK)intB  along  the  tidal  estuary  between 
New  York  Bay  and  the  Troy  dam: 

Mean  iulal  elerationn  in  feet  at  variouspoints  between  New  Fork  Bay  and  TrofdoM 


Locmlity. 


Sandy  Hook 

Gk>Yemor8  Island 

Dobbe  Ferry 

Coxsackie  light-hooae . 

New  Baltimore 

Colymans   

Castleton 

Van  Wies 

Albany 

NaU  works 

Troy  dam 


Meuitide. 


0.00 
0.18 
1.68 
1.73 
1.88 
2.09 
2.13 
2.43 
2.78 
3. 77 


lCe«n  low 
tide 


2.20 
1.63 
0.17 
0.02 
0.44 
0.82 
0.82 
1.27 
1.81 
3.37 


Meanhi^ 
tide. 

Memnrim 
•Dd&U. 

4.70 
4.40 

2.20 

1.98 

3.60 

■ 

3.53 

3.70 

8.44 

3.42 

3.31 

2.87 

3.35 

2.53 

3.29 

2.33 

3.59 

2.33 

3.75 

1.94 

4.17 

0.80 

The  most  important  tributaries  begin  above  Troy.  Ascending « 
the  west  side  we  find  Mohawk  River,  the  outlet  of  Saratoga  Lake^ 
Sacundaga  River,  Stony  and  North  creeks,  and  Indian  and  Cdir 
rivers.  On  the  east  side  thei-e  are  Hoosic,  Battenkill,  Schroon,«ii 
Boreas  rivers.  Above  the  mouth  of  Cedar  River  the  main  North « 
Hudson  River  is  considered  to  extend  to  and  bevond  Lake  Sanfonl, 
including  Opalescent  River  and  the  streams  issuing  from  the  high 
Adirondacks. 

The  following  gives  the  height  above  tide  water  at  New  York  of  a 
number  of  i)oints  on  Hudson  River. 


Height  almre  tide  miter  at  New  York  of  points  on  Hudson  River. 


New  York  (at  month) 

Troy 

Saratoga  dam  (crest) 

Fort  Edward  (helow  dam) ..... 

Glens  Falls  ((-rest  of  feeder  dam) 

Mouth  of  Sacundaga  River 

Mouth  of  Stony  Creek . 

Mouth  of  Schroon  River 

At  Glen  Bridge .   . . 

At  Riverside  Bridge . .     - 

At  North  ( 'reek  Bridge 

At  North  River 

Mouth  of  Boreas  River  ...       

Mo?7th  of  Indian  River . . 

Mouth  of  Cedar  River 

Lake  Sanford - 


it. 
n 


l,liif 

l,41i» 
l,46a« 


An 
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MOHAWK  RIVER. 

iwk  River,  the  most  important  tributary  of  the  Hudson,  rises 
eestem-central  part  of  the  State,  near  the  Lewis  and  Oneida 
line.  It  flows  in  a  southerly  direction  to  the  city  of  Rome, 
tiich  it  takes  an  easterly  course  across  the  State,  emptying  into 
ison  a  little  above  Troy.  The  principal  tributaries  are  Scho- 
Cast  Canada,  West  Canada,  and  Oriskany  creeks, 
following  are  the  elevations  above  tide  water  of  a  number  of 
klong  Mohawk  River: 

Elevations  of  points  along  Mohawk  River, 

Feet. 

1 - 12 

!ohawk  Aqueduct 163 

ady 214 

f  Schoharie  Creek 270 

I,  ahove  feeder  dam 481 

5  are  two  principal  falls  of  Mohawk  River,  the  Great  Falls  at 
and  the  Little  Falls  at  the  city  of  the  same  name,  where  are 
he  only  important  water  powers  thus  far  developed  on  this 

At  Cohoes  are  the  Great  Falls,  about  120  feet  in  height,  on 
he  Cohoes  Company  has  developed  about  105  feet.  At  Little 
lere  is  a  total  fall  of  about  45  feet  occurring  in  a  little  over  half 

Of  this,  from  38  to  40  feet  are  utilized  by  three  dams.  Aside 
small  amount  of  power  developed  below  Cohoes,  just  above 
►routs"  of  the  Mohawk,  there  are  no  water-power  developments 
itream  other  than  those  of  Cohoes  and  Little  Falls,  except  a 
mportant  mills  on  the  extreme  head  waters.  The  waterworks 
ity  of  Rome,  at  Ridge  Mills,  2  miles  north  of  Rome,  where  a 
ower  pumping  system  is  in  use,  may,  however,  be  mentioned, 
following  are  the  principal  subdivisions  of  the  drainage  areas 
iwk  River: 

StUxlivisions  of  drainage  area  of  Mohawk  River. 

Sq.  miles. 

1 3,400 

outh  of  Schoharie  Creek.. 3,100 

Falls 1,275 

524 

I, .- 184 

SCHOHARIE  CREEK. 

larie  Creek  rises  in  the  southern  part  of  Greene  County,  whence 

18  miles  northwesterly  and  then  northerly  about  50  miles  to 

lawk.     The  principal  subdivisions  of  the  drainage  area  are  as 

SubdiviHons  of  drainage  area  of  Schoharie  Creek, 

Sq.  mjles. 

ki <wn 

bridge -^»A: 

^R»» 
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Tlie  drainage  area  of  Schoharie  Creek  comprises  the  greater  part  of 
Schoharie  County  and  portions  of  Greene,  Albany,  Delaware,  Oto^, 
Montgomery,  and  Schenectady  counties.  Its  head  waters  drain  the 
western  and  northern  slopes  of  the  Catskill  Mountains.  At  Central 
Bridge^  about  19  miles  from  the  mouth  of  the  creek,  the  water  sorfaoe 
is  500  feet  above  tide  water;  at  the  mouth  the  elevation  is  274  feet 
In  spite  of  this  large  fall  Scholiarie  Creek  is  not  considered  espedaUy 
valuable  for  water-power  development.  It  is  subject  to  great  extremeB 
of  flood  and  low-water  flow.  This  is  probably  explainable  by  the 
nearly  complete  cutting  off  of  the  forests  from  the  drainage  area  many 
years  ago.  The  water  powers  thus  far  developed  in  the  Schoharw 
Creek  Basin  are  nearly  all  small  and  unimportant. 

EAST  CANADA  CREEK. 

The  second  im]>ortant  tributary  of  the  Mohawk  i»  East  Canada 
Creek,  which  rises  in  the  southwestern  part  of  Hamilton  County  and 
flows  southerly,  joining  the  Mohawk  at  East  Creek,  about  7  miles 
from  Little  Falls.  According  to  a  map  furnished  by  Stephen  K 
Bab«ock,  of  Little  Falls,  the  total  drainage  area  of  East  CamidA 
Creek  is  285.7  square  miles,  of  which  58.2  square  miles  are  in  Hamil- 
ton County,  98.4  square  miles  in  Herkimer  County,  128  square  mila 
in  Fulton  County,  and  1.1  square  miles  in  Montgomery  County.  Fol- 
lowing are  the  elevations  of  principal  points  on  East  Canada  Creek: 

Elevations  of  prinvijxrl  points  on  East  Canada  Creek. 

Feet 

Bottom  of  Beardslee  Falls  near  mouth 0 

Toj)  of  Beardslee  Falls 105 

Bottom  of  High  Falls 327 

Top  of  High  Falls 379 

Crest  of  (lain  at  Dolgeville _ 445 

Mouth  of  Spruce  Creek 177 

Mouth  of  Fish  CrtHjk SSI 

Emmonsburg 6il 

Stratford. » 

Oregon 1.1# 

The  distance  from  tho  mouth  of  tlio  stream  to  Oregon  is  alx)Ut-5 
miles. 

The  principal  tributary  of  East  Canada  Creek  is  Fish  Creek,  whiei 
is  the  outlet  of  the  East  Canada  lakos.  The  distance  from  its  pint 
of  junction  with  East  Canada  Ci  eck  to  the  mouth  of  the  Canada  lakes 
outlet  is  al)out  U  mil(\s,  and  the  total  rise  in  this  distance  035  feel 
The  outlet  of  the  lakes,  which  is  nearly  level,  is  about  3.5  miles  loB^ 
There  are  no  falls  of  any  magnitude  on  this  creek.  For  the  first 5 
miles  from  its  moutli  Fish  Cnn^k  rises  245  feet,  and  from  thatpoiBi, 
to  tho  nioutli  of  the  out\ol  o^  \\w>  VA\y»t  Canada  lakes,  a  distance  of  i| 
miles,  the  I'ise  is  '.VM)  foeV. 
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)Gond  tributary  of  East  Canada  Creek  is  Spruce  Creek,  which 
ad  length  from  its  mouth  to  its  head  in  the  Eaton  Millpond 
I  8.7  miles,  the  total  rise  in  this  distance  being  about  550  feet. 
)w  the  Eaton  Millpond  there  is  a  fall  of  180  feet  in  2,000  feet. 
ibury  Center,  Spruce  Creek  falls  85  feet  in  about  900  feet, 
om  the  development  at  Dolgeville,  and  small  developments 
Islee  Falls  and  at  one  or  two  other  points,  very  little  use  has 
been  made  of  the  water  power  of  East  Canada  Creek.  It  is 
5,  however,  that  within  a  few  years  the  water  power  of  this 
<rill  be  nearly  all  utilized. 

3ing  to  a  manuscript  report  on  the  water  power  of  East  Can- 
3k,  by  S.  E.  Babcock,  the  fall  in  this  stream  for  the  first  1,500 
n  its  junction  with  Mohawk  River  is  very  slight.  At  this 
e  first  rapids  are  encountered,  where  it  has  been  proposed  to 
a  water  power,  with  a  head  of  about  60  to  70  feet.  About 
1,200  feet  farther  upstream  there  is  an  additional  fall  of  from 
feet.  This  takes  us  to  the  top  of  the  so-called  Beardslee 
ferred  to  above. 

also  been  proi)08ed  to  construct  an  extensive  system  of  power 
nent  by  a  series  of  dams  on  East  Canada  Creek,  some  of  the 
►f  which  may  be  gathered  from  the  following  table: 

Plan  of  power  development  on  East  Canada  Creek. 


Location. 


liges 

eet 

iate 

8 

low  High  Falls) 
low  High  Falls) 
gham*8  mill) . . . 
gham*8inill)... 
Falls 

als  and  mean . . 


Head 
(In  feet). 

Horao- 
powor. 

Estimated 
cost. 

43 

1,172 

$108, 427 

26 

1,023 

73, 667 

29 

1,141 

30, 910 

22 

865 

46, 090 

72 

2,700 

56,320 

74 

2,956 

125, 092 

34 

1,360 

56, 408 

44 

1,778 

135,410 

44 

1,778 

129, 800 

105 

5,112 

12S,  326 

423 

19,885 

890, 450 

Cost  per 

horse- 

j)owor. 


$92.51 
72.01 
27.10 
53.28 
20.86 
42.40 
41.40 
76.16 
73.00 
25.10 


44.80 


►Ian  of  power  development  further  includes  the  construction  of 
3  of  1,250,000,000  cubic  feet,  which  is  estimated  to  cost  $148,000, 
a  total  for  the  whole  development  of  ^1,038,450.  With  these 
ihe  final  cost  per  net  horsepower  becomes  ^52.22.  The  esti- 
ading  to  this  result  include  cost  of  land  to  be  flooded,  masonry 
and  head  works,  turbine  water  wheels,  flumes  and  head  fee<i- 
raceways,   waste  gates,  power   stations,  Ta«^^^,  ^\i^vc^^^va% 
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and  superintendence,  etc.  So  far  as  the  actual  power  developmentB 
are  concerned,  the  work  can  probably  be  constructed  for  the  esti- 
mates, but  the  cost  of  the  storage  is,  in  the  author's  opinion,  some- 
what too  low.  The  total  number  of  dams  which  it  is  propiNwd  to 
build  i8  stated  at  40,  thus  giving  an  average  of  only  $3,700.ptr  dam. 
This  sum  would  only  build  timber  dams  of  the  most  tempovBfy  duus 
acter.  The  proi)er  operation  and  repairs  of  this  nnmbar  M  dams, 
scattered  over  an  area  of  200  square  miles,  would  entail  in  tliie'eiid  an 
annual  expense  of  $30,000,  which  is  the  annual  interest  aft  5  per  cent 
on  $G00,000.  To  obtain  the  real  capitalized  cost  we  need  tlien  to  add 
$600,000,  which  gives  an  amended  total  of  $1,638,450,  whence  tbe  cost 
per  net  horsepower  for  the  entire  system  would  become  $82.40. 

At  present  an  electric-power  station  is  in  process  of  installstion 
by  the  Dolgevillo  Electric  Light  and  Power  Company  at  the  high  fialb 
just  below  Dolgeville,  shown  on  PI.  VI,  by  which  it  is  expected  to 
develop  1,200  net  horsepower.  The  wheels  to  be  set  are  two  twin 
horizontal  36-ineh  Victor  special  wheels,  to  work  under  a  78-foot 
head,  and  which  are  claimed  by  the  manufacturers  to  yield,  at  fnll 
capacity,  6(X)  net  horsepower  each.  A  portion  of  the  power  gene^ 
ated  at  this  station  is  to  be  used  at  Dolgeville  for  manofacturiDg, 
and  the  balance,  it  is  stat.ed,  will  l>e  transmitted  to  Little  Falls,  8 
miles  distant. 

Dolgevillo  is  the  seat  of  the  piano-felt  and  other  indnstrios  osial)- 
lishod  by  Alfred  Dolge  &  Son.  The  power  for  the  establishments 
now  in  ()i)eration  is  derived  from  two  35-inch  Victor  turbines,  work- 
ing under  a  25-foot  head,  and  rat(Kl  by  the  manufacturers  to  furnish, 
when  running  at  full  eapaeity,  220  net  horsepower  each,  or  a  total  of 
458  horsepower.  According  to  the  munufaeturer's  catalogue,  these 
wheels  will  consume  197  c?uble  feet  per  second  when  working  at  full 
capacity,  and  the  statement  is  made  that  they  are  ordinarily  so 
worked.  The  <lrainage  area  of  Kast  ('anada  Creek  above  Dolgeville 
is  about  250  sc^uaro  miles;  hen(»e  tlie  [^resent  development  is  base*! 
upon  a  minimum  flow  of  0.70  eul)i(»  foot  per  second  per  square  mile. 
As  tluM'e  is  very  little  pondage  at-  Dolgeville,  it  may  be  assumed  that 
the  power  is  sometimes  short  in  a  dry  season,  although  the  effect  of 
the  p(m<lage  of  the  large  number  of  lakers  and  ponds  on  the  head 
waters  of  East  Canada  Creek  will  undoubtinll}'  be  to  increase  con- 
siderably the  minimum  flow. 

WEST  CANADA  CREEK. 

West  Canada  C'reek,  the  third  import^mt  tributary  of  the  Mohawk. 
ris(*s  near  the  centc^r  of  Hamilton  County  and  flows  southwesterly 
about  40  miles,  by  general  course,  to  the  eastern  edge  of  the  town  of 
Trenton,  in  Oneida  County,  where  it  turns  and  flrst  runs  southeast- 
erly and  then  southerly  for  a  total  distance  of  20  miles,  finally  empty- 
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the  Mohawk  at  the  village  of  Herkimer.  The  total  drainage 
)ve  Herkimer  is  given  as  548  square  miles.  This  creek  has 
e  in  the  Canada  lakes,  which  are  about  40  miles  northeast 
3  village  of  Prospect.  These  lakes  are  known  separately  as 
it,  Middle,  and  East  Canada.  The  principal  lake  of  this 
IS  an  elevation  of  2,348  feet  above  tide  water.  The  drainage 
he  village  of  Prospect,  where  there  is  a  natural  fall  of  about 
is  375  square  miles.  At  Trenton  Falls,  3  miles  below,  the 
escends  about  200  feet  in  half  a  mile.  Ascending  the  stream, 
eipal  falls,  in  order,  are:  Sherman  Falls,  24  feet;  High  Falls 
n  PI.  VI),  105  feet;  Mill  Dam  Falls,  14  feet;  Suydam  Falls,  12 

ling  to  a  report  made  by  Wallace  C.  Johnson,  under  date 
1  17,  1896,  to  the  Trenton  Falls  Power  Company,  it  appears 
he  375  square  miles  of  drainage  area  alM)ve  Prospect  about 
iro  miles  lie  at  an  elevation  of  between  2,000  and  3,000  feet 
de  water,  the  average  elevation  of  this  i)ortion  being  about 
?t.  Of  the  remaining  200  square  miles  above  Prospect  the 
elevation  is  placed  at  not  less  than  l,orK)  feet.  The  Trenton 
wer  Company  is  reported  as  intending  to  develop  an  exten- 
age  on  the  head  waters  of  this  stream,  thus  enabling  it  to  pro- 
reral  thousand  electriciil  horsepower  at  Ti*enton  Falls  for 
ision  to  Utica,  Rome,  and  other  towns  in  the  vicinity.  Gen- 
is  have  been  prepared  by  Mr.  Johnson,  but  the  details  of  the 
ire  not  at  hand.  Judging  from  the  data  at  hand,  the  author 
^ed  to  place  the  minimum  flow  of  West  C -amula  Creek  at  from 
.35  of  a  cubic  foot  per  square  mile  i)er  second. 
•  powers  are  now  in  use  on  West  Canada  Creek  at  Herkimer, 
ille,  Newport,  and  Prospect,  as  well  as  at  a  few  points  higher  up. 
s  interested  in  the  development  of  an  extensive  power  project 
ton  Falls  have  claimed  that  a  very  large  storage  reservoir 
e  constructed  in  the  main  valley  of  West  Canada  Creek  a 
stance  above  Prospect,  and  at  very  low  cost  per  unit  volume 

The  data  are  not  at  hand  for  accui'ately  determining  the  cost 
Tvoir  at  this  place.  However,  casual  inspection  of  the  Rem- 
t  of  the  topographic  map  of  the  State,  nrnde  in  181)7,  shows 
h  a  reservoir  would  probably  be  expensive  in  proportion  to 
ige  gained.  A  trial  estimate  shows  that  with  a  dam  from  80 
5et  in  height  a  storage  of  about  2,000,000,000  cubic  feet  nuiy 
ne<l.  The  cost  of  the*  dam  necessaiy  to  store  this  (luantity  of 
in  hardly  be  placed  as  an  experimental  figure  at  less  than 
30,  whence  the  cost  per  1,000,000  cubic  feet  stored  would 

♦500.  This  approximate  estimate  has  no  other  significance 
indicate  the  importance  of  studying  large  reservoir  projects 
I  before  deciding  as  to  their  feasibility. 
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OTHER  TRIBUTARIES  OF  MOHAWK  RIVER. 

As  less  important  tributaries  of  the  Mohawk,  SHuquoit  and  Oris- 
kany  creeks  may  1)0  mentioned.  Sauquoit  Creek  risi>s  in  t lie  south- 
eastern i)art  of  Oneida  C-onnty  an<l  runs  northerly,  einptyinf^  into  thi* 
Mohawk  alxmt  2  miles  west  of  Ftiea.  Its  drainsige  area  Ls  ^venas 
02  s<iuare  miles.  Oriskany  C-niek  rises  in  the  eastern-southerly  jwr- 
tion  of  Madison  Count}^  and  flows  northerly  into  the  Mohawk  6  miles 
west  of  Utiea.  Its  di'ainagt*  area  is  jjfiven  as  135  square  miles.  Then? 
is  consi<lerabl<»  water  ix)wer  developed  on  both  Sauquoit  and  Oriskany 
creeks. 

IlOOSK^   RIVER. 

The  most  important  tributary  of  the  Hudson  fn)m  the  east  is  Hooeii* 
River,  which  rises  in  the  mountains  of  Herkshire  County,  Massachu- 
setts. It  first  runs  north westerl}',  [)assing  from  Massachusetts  into 
the  extreme  southwestern  corner  of  Vermont  and  thence  into  Rensse- 
laer County,  in  New  York.  At  the  northern  lH)uudary  of  BenSBelaor 
County  it  turns  and  pursues  a  westerly  course  to  the  Hudson  opposite' 
the  villager  of  Stillwater.  Its  drainage  area  at  the  mouth  is  taken  At 
730  square  miles.  Its  principal  tnbut^iries  are  Little  Iloosic  Hirer, 
Walloomsac  liiver,  and  Tomhannock  Creek.  The  country  drained  is 
mainly  mountainous,  th(>  summits  attaining  an  elevation  of  fruni 
1,0()0  to  2,000  f(H'l  above  tide.  Tln^  principal  water  i>owers develope<l 
on  Iloosic  Kiver,  in  Xtnv  York,  are  at  Schaghticokeaiid  Iloosic  Falls 
with  a  few  at  intermediate  [)oints.  At  Schaghticoko  there  is  from  97 
to  1»8  fe<^t  fall,  brokcMi  into  falls  of  s,  7.5,  24.5,  ;U.5,  and  23  feet  Tho 
avnilabln  statomciits  as  to  th<»  power  at  Iloosic  Falls  aiH)  so  conflicting 
that  it  is  thought  b(»st  to  omit  tluMu. 

IIoosi(^  River  isof  oonsi<lerabhMnt4Mvst  to  pe  rsons  concerned  in  water- 
pow(»r  <leveloi»ment  (»n  the  Hudson  below  its  mouth,  because  then* 
are  two  reservoirs  on  its  headwaters  which  have  Ijeen  constructed  by 
manufacturers  in  Massachusetts  in  order  lo  nuiintain  a  more  eqiiabl*" 
summer  flow.  The  first  of  these  is  th<»  Clarksburg  roservoir,  on  thf 
North  Uraneh  of  lloosie  Kiver,  aud  at  a  distance  of  about  2^  miles 
above  Xoi'th  Adams.  Thi*  second  r(»s(irvoir  is  on  the  South  Branch, 
an<l  is  known  as  the  Cheshire*  reservoir,  being  situated  in  the  town  of 
that.  name.  Tin*  Clarksburg  n^scrvoii*  is  stated  to  Mow  150  acrcJ4and  In 
liav(»  a  d(»|)th  of  22  fei'l.  The  Ch(»shire  reservoir  tlows  about  050  acn^ 
and  can  1m'  drawn  down  about  S  feet.  l>oth  tln^se  reservoim  arc  con- 
trolled by  an  asscx'ial ion  of  mill  owners  on  the  IIoosi<r  and  its  branchcJs 
in  the  State  of  Massachusetts. 

J?ATTKNKILL   IMVEK. 

r»;ttt(Mikill  River,  another  important  Iributary  of  the  Hudson,  risi'> 
///  /he  southwestern  part  of  \^'rmonl,  in  l>ennington  County.     It  rii>i 
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ws  southwesterly  and  then  westerly  irregularly  across  Washington 
unty,  New  York,  to  the  Hudson  at  a  point  about  a  mile  above 
hnylerville.  The  drainage  area  is  taken  at  4(>0  square  miles.  The 
ovation  above  tide  at  the  mouth  of  the  river  is  82  feet,  and  at  the 
3laware  and  Hudson  Railway  crossing,  a  little  south  of  Shushan, 
e  elevation  is  437  feet.  This  gives  a  descent  of  355  feet  in  22  miles, 
K)ut  one-half  of  which  is  concentrated  within  the  last  4  or  5  miles  of 
e  river's  course. 

The  following  is  a  brief  statement  of  the  water  powei-s  on  the  lower 
•ction  of  the  Battenkill,  in  ascending  order  f i*om  the  mouth : 

Water  powers  on  the  loujer  section  of  the  Battenkill, 

At  Clark  Mills,  the  American  Woodboard  Company,  24  feet  head. 

At  Big  Falls  (shown  on  PI.  VII),  the  dam  at  the  head  of  the  falls  gives  106  feet 

ad,  divided  into  Bennington  Falls  Pulp  Company,  32  feet:  Ondawa  Pulp  and 

per  Company,  30  feet:  not  utilized,  44  feet. 

It  Middle  Falls,  the  dam  at  the  head  of  the  falls  gives  55  feet  head.    Here  there 

>  a  leather-board  mill,  shank  miU,  sawmill,  plaster  mill,  gristmill,  and  electric- 

^t  station. 

Lt  Greenwich,  Dunbar,  McMaster  &  Co.,  8  feet  head:  Palmer *8  lower  dam,  9 

t  head,  furnishes  power  for  gristmill,  paint  works,  shirt  manufacturing,  scale 

nnfacturing,  and  plow  works;  Palmer's  upper  dam,  0  feet  head,  furnishes 

ver  for  a  cotton  mill  and  a  jyaper  mill. 

Lt  Center  Falls,  Angel  &  Langdon  Paper  Mill,  2o  feet  head. 

Lt  Batten ville,  Phcenix  Paper  Company,  10  feet  head. 

Kt  Rexleigh  there  is  a  cotton  mill  with  6  feet  head:  at  Shushan  a  gristmill,  shirt 

5tory,  electric-light  station,  and  foundry,  all  receiving  power  from  about  14 

it  head. 

In  addition  to  the  foregoing  there  are  stated  to  bo  undeveloped 
at<3r  powers  on  the  Battenkill  as  follows:  Between  Clark  Mills  and 
g  Falls,  27  feet;  between  Greenwich  and  Center  Falls,  8  feet;  be- 
'een  Center  Falls  and  Battenkill,  10  feet. 

ft  is  stated  that  the  utilized  powers  on  the  Battenkill  an*  developed 
toabout  30  horsepower  per  foot  fall.  They  are,  however,  soiuetlnK^s 
>rt  of  water  in  dry  weather.  With  a  drainage  area  of  4()0  S(iuare 
l^s,  a  minimum  flow  of  0.3  of  a  eiibi<*  foot  per  s<iiiare  mile  per  see- 
X  would  give  only  ab<:>ut  15.3  gross  hoi'sepower  per  foot  of  fall.  It 
xiferred,  therefore,  that  the  Hatteiikill  is  an  exe(»edingly  good  watc^r 
>lder,  although  definite  data  derived  from  stream  measurements  are 
birely  lacking. 

FISH   (JREEK. 

P'ish  Creek,  a  stream  tributary  to  the  Hudson  at  Seliuylerville,  is 
3  outlet  of  Saratoga  Lake.  Its  chief  tributary  is  tlu^  Kayaderosseras 
^ek,  which  drains  the  central  part  of  Saratoga  County.  The  drain- 
^  area  of  Fish  Creek  at  its  junction  with  the  Hudson  is  estimated  at 
'  square  miles.  Both  Fish  Creek  and  Kayaderosseras  Creek  are 
•^nsively  utilized  for  water  power. 
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SACUKDAGA  RIVER. 

Saeiinda^H  Uivor,  a  view  of  which  is  given  on  PL  VIII,  istheBext 
important  tributary  of  the  Hudson  in  the  ascending  order.  It  has 
threo  i)rincipal  branches,  which  unite  to  form  the  main  river  in  tk 
southeast ern  part  of  ITaniilt^in  County.  The  West  Branch  is  tlieoat- 
Ict  of  IMseco  Lake;  the  Middle  l^raneh  is  the  outlet  of  Saenndagftand 
Plciisant  lakes,  while  the  East  Brancli  issues  from  a  serieifcf  mall 
])onds  and  lakes  in  tlie  soutli western  part  of  Wan-en  Connfy,  nolfar 
from  I>ak(M's  ^Fills.  The  East  and  Middle  branches  nnite  a  faw  miks 
to  the  north  of  Wellstown,  and  West  Branch  joins  a  few  miles ionth 
of  Wellstown.  The  river  then  flows  southeasterly  to  about  5  miles 
below  North ville,  where  it  turns  rather  more  than  a  right  ang^ and 
flows  irrc^ji^ularly  northeast  to  the  main  Hudson  at  Hadley.  The  prin- 
cipal tributary  of  the  Sacundaga,  aside  from  its  several  branches, is 
East  Stony  Creek. 

The  following  are  the  s(»veral  suMivisions  of  the  drainage  area  of 
Sacundapi  River: 

SnlHlirisinns  of  the  dniiiutge  area  of  Sacundaga  Riticr. 

Total  drainage  area  at  month l.O*) 

Sonth  Branch 5*) 

Middle  Branch . 115 

East  Branch... \tk 

Stony  Creek 212 

Main  river  l)elow  Stony  Creek      .         t^> 

The  followlnjx  iiiH'  t^h'valiuiis  abovo  tide  at  a  nunil>er  of  princi]»iil 
points: 

Klcvai'unix  <thavc  tide  4>f  ptn'ufs  (tUn\<j  Sacumhuja  River, 

At  uioutli  of  river _.    . 5-VI 

Abov«j  (lam  at  Conkliiiville . Cvl 

Northville T-?: 

Hoi)e  (>ut«'r ;•:! 

Wellstown  _ ««i:l 

East  Branch  at  (»!d  tannery '» 

East  Branch  at  loot  of  nij,^h  Falls       l.;'.Vi 

East  Brancli  at  hca<l  of  Hit^h  Falls  ...    !.:;>? 

Eiist  Brancli  at  i>rijLrhanis  Pond  .    . l^?!)* 

Piseco  Lako. _    __ 1,'>^ 

Lake  Pleasant . i,:» 

Sacnndaga  Lak(?         .     .    .. l.Tiri 

Fi'oin  ConklinviUe  In  tli<'  mouth  (if  the  river,  a  distanoe  of  a  little 
ov<'r  o  miics,  the  rivci-  fails  1  II  feet.  At  present  tliis  section  of  ilif 
river  is  entir-ely  unutilized  <'xeept  by  two  ])o\vers,  one  at  C\>nklimil"f 
and  th(»  other  about.  2  miles  from  Ihidb'V. 

'i'lius  fai*  there  ai'e  no  detailed  measui-ements  of  the  Saeundagn. ^i- 
sinco  f/ie  d/*aina^(^  area  is  s\\\\  \uy\i.vA\  \\\  vy\\\\v-\v\V  forest  it  is  withe.r 
(hni])t  nil  excoUeiit  water  vveAvWr. 
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8CHROON  RIVER. 

Schroon  River  rises  in  Essex  County,  along  the  southern  slopes  of 
tilxe  highest  mountains  of  the  Adirondack  group.  A*<  shown  by  the 
xnap(Pl.  IX\,  it  flows  in  a  general  southerly  direction  for  about  45 
miles,  through  Essex  and  Warren  counties^  and  joins  the  Hudson 
just  above  Thurman.  On  the  boundary  between  Essex  and  Warren 
counties  the  river  flows  through  Schroon  Lake,  a  body  of  water 
nearly  9  miles  long  and  from  a  little  less  than  0.5  to  1.5  miles  in 
width. 

The  following  are  some  of  the  important  subdivisions  of  the  drain- 
age area  of  Schroon  River: 


Subdivisions  of  the  drainage  area  of  Schrotm  Ri\ 

Sqnare  miles 

mouth 550 

^^arrensburg  535 

Tnmblehead  Falls .  502 

5*001  of  Schroon  Lake 479 

Some  of  the  elevations  on  Schroon  River  are  as  follows: 

Elevaiions  on  Sdiroon  River, 

Feet. 

At  month 610 

ScluoonLake 807 

P^aradox  Lake 820 

Scliroon  Falls 840 

Elk  Lake 1,086 

There  is  no  developed  water  power  on  Scliroon  River  except  that  at 
'V^arrensburg. 

TRIBLTARIES  SOUTH   OF   MOHAWK    RIVER. 

ICinderhook  Creek  and  Croton  River  are  the  chieC  tributaries  of 

f*^    Hudson  south  of  the  Mohawk  requiring  special  mention  at  this 

*'*iii^.     Brief  consideration  of  the  run-off  of  Croton  River  will  be  given 

^Uirther  on.     The  Columbia  Electric  Light  Power  Compan}^  of  Valatie, 

^^'^a  incorporated  by  the  laws  of   1807  to  construct  reservoirs  and 

^^^»te  extensive  power  developments  on  Kinderliook  Creek  and  it« 

^'^iljutaries  in  Columbia  and  Rensselaer  counties.     The  surveys  for 

*'^is  work  are  now  in  process  under  the  direction  of  L.  L.  Tribus, 

^^ief  engineer  of  the  company. 

^Vallkill  River,  a  branch  of  Rondout  Creek,  may  bo  mentioned. 

*iia  stream  rises  in  New  Jersey  and  flows  north,  joining  Rondout 

^^^k  near  Rondout.     It  is  proposed  to  take  an  additional  water  sup- 

^^  for  Brooklyn  Borough  of  Greater  New  York  from  the  head  watom 

^    ^Viis  stream  in  New  Jersey.     The  drainage  area  south  of  the  New 

^^i  State  line  is  210  square  miles. 
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ALLEGHENY  RIVER  SYSTEM. 

The  Allegheny  River  enters  the  State  of  New  York  from  Pennsyl- 
vania in  the  southeastern  comer  of  Cattaraugus  County  and,  flowii^ 
in  nearly  a  semicircle  with  its  outward  curve  to  the  north,  passes  oat 
of  the  State  in  the  southwestern  part  of  Cattaraugus  County,  again 
entering  Pennsylvania.  Its  principal  tributary  from  the  north  is 
Conewango  Creek,  which  receives  the  outlet  of  Chautauqua  Lake 
and  of  Cassadaga  Creek  as  tributaries.  Little  Valley,  Great  Val- 
ley, and  Clean  creeks  are  also  tributaries  in  New  York.  None  of 
these  streams  is  of  especial  imi>ortance  for  water  power. 

Chautauqua  Lake,  20  miles  in  length  and  from  1  to  nearly  2  miles 
in  width,  is  distant  from  Lake  Erie  at  its  northern  extremity  only 
about  9.5  miles.  Its  elevation  above  tide  water  is  1,297  feet,  while 
that  of  Lake  Erie  is  573  feet.  Hence  Chautauqua  Lake  is  724  feet 
above  Lake  Erie.  The  Conewango  Creek,  at  the  south  line  of  the 
State,  has  an  elevation  of  1,243  feet.  The  fall  from  Chautauqna 
Lake  to  the  southern  boundary  of  the  State  along  the  drainage  line  is 
therefore  only  54  feet.  The  drainage  area  of  the  Chautauqna  outlet 
at  the  foot  of  Chautauqua  Lake  is  178  square  miles,  and  of  the  Chau- 
tauqua outlet  below  Cassadaga  Creek  343  square  miles. 

SUSQUEHANNA  RIVER  SYSTEM. 

The  head  waters  of  the  North  Branch  of  Susquehanna  River  lie 
chiefly  in  the  Stato  of  New  York,  the  drainage  area  in  this  State  being 
taken  at  G,2G7  square  miles.  The  main  stream  is  considered  as  rising 
in  Otsego  Lake,  from  which  it  flows  first  southwesterly,  then  westerly 
with  a  short  jwrtion  of  its  coui^se  south  of  the  Pennsylvania  line.  It 
finally  leaves  New  York  State  in  Tioga  County.  The  Susquehanna, 
while  one  of  the  large  rivers  of  New  York,  is  not  at  all  imiK^rtant  \\& 
regards  water  power.  The  main  river  and  most  of  itfi  tributaries 
in  New  York  flow  through  a  rolling  country  with  fairly  uniform 
declivity.  While  utilized  for  small  powers  in  many  places,  thus  far 
there  are  no  extensive  developments  on  cither  the  main  stream  or  its 
branches,  except  at  Bingham  ton,  whore  considerable  water  power  is 
utilized.  Tlie  slope  of  the  stream  in  New  York  State  is  shown  by 
following  ehivations,  in  feet,  alx>ve  tide  water: 

ElnMitionn  ahmg  SusqucJuinna  River  in  Netv  York  State. 

Peet 

At  Towanda,  a  few  miles  south  of  the  Stato  line 700 

At  Athens,  on  Chemung  River,  near  the  State  line 744 

At  Otsego  Lake ,  1,193 

So  far  as  known,  no  discharge  measure luents  of  this  stream  have 
ever  been  made. 
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one  of  the  important  tributaries  of  the  North  Branch  of  Susque- 
a  River  in  New  York  may  be  mentioned  Chenango  River,  which 
in  Madison  County,  and  flows  south  through  Madison,  Chenango, 
3roome  counties,  emptying  into  the  Susquehanna  at  Binghamton. 
lung  River,  the  chief  tributary  of  the  North  Branch,  is  formed 
euben  County,  New  York,  near  Painted  Post,  by  the  junction  of 
Tioga  and  Cohocton  Rivers,  whence  it  pursues  a  southeasterly 
\e,  joining  the  Susquehanna  near  Athens,  in  Bradford  County, 
sylvania,  just  south  of  the  State  line.  Tioga  River  rises  in  Tioga 
ity,  Pennsylvania,  and  flows  north  to  join  the  Cohocton  at  Painted 
Canisteo,  the  principal  New  York  State  tributary  of  the  Tioga, 
the  main  stream  5  miles  south  of  Painted  Post.  Cohocton  River, 
b  rises  in  Livingston  County,  and  flows  southeast  to  join  the  Tioga 
ainted  Post,  is  utilized  for  small  powers  at  a  number  of  places, 
area  drained  by  the  Cohocton  and  Canisteo  is  almost  entirely 
ded  of  forest  and  the  streams  are  in  consequence  much  less  valu- 
for  power  than  formerly.  For  a  considerable  length  of  time,  in 
all  of  1895,  the  natural  yield  of  these  streams  was  probably  consid- 
ly  less  than  one-tenth  of  a  cubic  foot  per  second  per  square  mile, 
her  tributaries  of  the  Susquehanna  in  New  York  State  are  Owego 
Cuyuta  creeks,  neither  of  which,  although  formerly  extensively 
5ed  for  small  powers,  is  now  of  great  value,  largely  because  of  the 
sdingly  slight  summer  flows. 

e  following  are  the  drainage  areas  of  the  Susquehanna  and  its 
itaries  in  the  State  of  New  York : 

Drainage  areas  of  Susquelianna  River  aiid  its  tributaries  in  New  York, 

Square  miles, 
river  below  month  of  Chemung  River  (south  of  Pennsylvania  line) . .  7, 463 

area  north  of  Pennsylvania  line 6, 267 

e  month  of  Chemnng  River 4, 945 

nghamton 2,279 

isqnehanna 2,024 

ineveh 1,789 

7  month  of  XJnadilla  River 1, 638 

7  month  of  Oak  Creek 212 

e  month  of  Oak  Creek 97 

>eek - 115 

•y  Valley  Creek 121 

3vas  Creek 127 

otteRlver 178 

>Creek 106 

at  Creek 115 

illaRiver 561 

rnnt  Creek 123 

4ngo  River  at  month 1, 540 

auigo  River  above  Tionghnioga .  685 

smgo  River  above  Canasawacta  Creek 297 

^hnioga  River  at  month •     T^ 
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Drainage  areas  of  Susquehanna  River  and  its  tributaries  in  New  York — ContU 

Square  mOflL    i 

Tionghnioga  River  above  month  of  Otselic  River 438  i 

Otselic  River  - 259 

West  Branch  of  Tionghnioga  River 103 

East  Branch  of  Tionghnioga  River _  _ iU 

Owego  Creek 391 

Caynta  Creek.. .^ Itt  i 

Chemnng  River  at  jnnction  of  Canisteo  and  Cohocton  rivers 1,M1 

Chemnng  River  at  Elmira 2,09 

Chemnng  River  at  month _ 2,518 

Cohocton  River  at  month 

Tioga  River  at  month l,i 

Tioga  above  month  of  Canisteo 730 

Canisteo  at  month 78J 

Tnscarora  Creek  at  month ttf 

DELAWARE   RIVER   SYSTEM. 

The  extreme  head  waters  of  Delaware  River,  in  New  York,  area 
series  of  small  ponds  in  Schoharie  County,  a  little  north  of  the  village 
of  Stamford.  From  tliis  point  the  stream  flows  southwesterly  to 
Deposit,  on  the  line  between  Broome  and  Delaware  counties,  where 
it  turns  south,  on  which  general  course  it  continues  until  nearthe 
Pennsylvania  line,  whence  its  course  is  southwesterly  to  Port  JervLs. 
This  portion  of  the  river  is  the  boundar}^  line  between  New  York  and 
Pennsylvania.  At  Port  Jervis  the  river  passes  from  New  York  State, 
makinji:  a  sharp  turn  to  the  southwest.  The  declivity  of  Delaware 
River  is  shown  bv  the  followinir  elevations  above  tide  water: 


'o 


Elevations  along  Delaware  River  in  New  York  State,  showing  dccllmty  of  the  xiream. 

Feet 

At  Lacka waxen 600 

At  Deposit _ 984 

At  head  waters 1,886 

The  principal  tributary  in  New  York  State  is  Pepacton  River,  which 
rises  in  the  eastern  pai't  of  Delaware  and  Greene  counties  and  flows 
southwest  in  a  course  generally  parallel  to  the  main  stream.  Never- 
sink  Creek,  the  next  important  tributary  in  the  State,  joins  the  main 
stream  at  the  State  line  a  mile  south  of  Port  Jervis.  Neither  of  these 
streams  has  thus  far  developed  any  large  amount  of  water  i>ower, 
although  there  are  a  number  of  places  where  gvood  powers  could  be 
dev^eloped.  The  cutting  off  of  the  forests  of  the  Delaware  draina^ 
area  has  undoubtedly  greatl^Mujured  the  tributary  streams  for  raiii 
jjurposes. 
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The  following  are  the  more  important  drainage  areas  on  the  Dela- 
ware and  its  tributaries  in  New  York  State : 

Drainage  areas  on  Delaware  River  and  tributaries  in  New  yf)rk  State, 

Sqiiaro  miles. 

TVjtal  area  in  New  York  State 2,580 

stream  below  mouth  of  Neversink  River 3,600 

stream  below  Port  Jervis 3, 252 

stream  below  junction  of  Blast  and  West  branches 1, 604 

Branch  at  mouth 685 

Branch  at  Deposit,  below  Oquaga  Creek 519 

m  River  at  mouth 919 

re  mouth  of  Beaverkill 520 

tTwrlrill  Creek 322 

Creek 82 

X^ittle  Delaware  Creek 58 

River  at  mouth 346 


^ 


By  way  of  concluding  the  general  discussion  of  the  Allegheny,  Sus- 
<il.iiehanna,  and  Delaware  river  systems  in  the  State  of  New  York,  it 
be  remarked  that  these  have  all  been  extensively  used,  either 
floating  logs  or  for  propelling  sawmills,  or  for  both.  The  clearing 
of  the  drainage  areas  has,  however,  long  since  reduccHl  the  lum- 
^ring  business  to  nothing.  These  streams  are,  thciefore,  much  less 
itensively  utilized  than  formerly.  At  present,  aside  from  one  or 
^^!ro points,  their  use  is  chiefly  for  propelling  small  sawmills  and  grist- 
^itills  and  for  other  moderate-sized  industries.  With  one  or  two 
^^ceptions,  there  are  no  large  power  developments  throughout  tlie 
''liole  region. 

STREAMS  OF  LONG  ISLAND. 

Long  Island  is  chiefly  a  sandy  plain,  about  120  miles  in  length,  with 
^tal  area  of  1,682  square  miles.  A  considerable  portion  is  below 
^'•a  elevation  of  100  feet  above  tide  water,  although  in  places  it  rises 
elevations  of  300  feet  and  more.  Tlie  streams  are  all  small  and 
'^^Ully  a  few  miles  in  length,  running  down  from  the  high  land  of  the 
^^iddle  section  to  the  Atlantic  Ocean  on  the  south  and  to  Long  Island 
^^und  on  the  north.  As  regards  water  power,  the  water  resources  of 
^^ng  Island  liave  little  significance,  although  there  are  many  places 
^^here  small  powers  are  utilized  for  gristmills  and  other  similar  uses. 
^nhe  chief  value  of  the  inland  water  of  Long  Island  is  for  the  water 
%Tipply  of  the  city  of  Brooklyn. 

East  River,  which  connects  Long  Island  Sound  with  New  York  Bay, 
^loiay  also  be  referred  to  for  convenience  as  a  Long  Island  water 
^^eBOurce.  The  great  value  of  the  stream  to  the  commerce  of  New 
'^ork  is  so  obvious  as  to  hardly  require  mention. 

The  foregoing  description  of  the  river  systems  of  New  York  has 
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been  made  as  brief  as  possible,  because  very  complete  descriptioiis 
have  been  given  in  the  several  monographs  relating  to  New  York 
State  which  ai)pear  in  the  report  on  the  Water  Power  of  the  United 
States,  Tenth  Census,  1880.  In  these  I'eports  may  be  found  fall 
det.ails  of  the  several  river  valleys,  with  statements  as  to  agricaltnnl 
production,  population,  geology,  climatology,  and  many  other  subjects 
not  touched  on  here. 

AVAILABLK  WATKU   SUPPIiY. 

RUN-OFF   OF   NIAGARA   RIVER. 

The  great  developments  of  the  Niagara  Falls  Power  Company, 
authorize<l  by  the  laws  of  188G,  have  been  in  part  completed,  while  at 
the  same  time  the  original  Niagara  Falls  power  development,  now 
owned  by  the  Niagara  Falls  Power  and  Manufacturing  Company,  bu 
increased  greatly  in  capacity.  The  laws  of  1886,  and  amendmentfl 
thereto,  have  also  authorized  the  taking  from  Nitirgara  River  of  large 
quantities  of  water  for  the  purpose  of  creating  a  water  jwwer  near 
the  city  of  Lockj)ort.  A  ship  canal  is  projected  connecting  Lakes 
Erie  and  Ontario,  and  the  Canadian  Government  has  made  a  conces- 
sion for  (extensive  power  developments  on  the  Canadian  side  of  tl» 
river.  Ilenco  it  is  evident  that  the  future  demands  for  water  lobe 
taken  from  Niagara  River  and  delivered  either  into  the  lower  river 
below  tlie  Falls  or  into  Lake  Ontario  independent  of  the  river  are 
very  largo,  and  the  interest  which  the  p(K)ple  of  the  State  of -New 
York  have  in  the  run-olT  of  Niagara  River  becomes  exceedingly 
important. 

Tlie  most  reci^nt  detenninatioii  of  the  area  of  the  basin  drained  br 
the  (4reat  Lakes  and  of  the  water  surfaces  of  the  lakes  tliemselvesis 
that  ji^ivon  in  the  report  of  tlie  United  States  Deep  Waterways  Com 
mission,  from  which  the  following  general  summary  is  taken: 

Wdter  surfdce  and  initcrslu'd  arafs  <>/  the,  basin  drahied  by  the  Onrat  Lake*. 


Lakt 


Sui)erior    .  - 
Micliigan 
Huron 
St.  (Uair  .. 
Eric 

Total 


Areaof  wut4fr 
surfa'V. 

Area  of  water- 
shed. 

Ti 

»tal  aroa  of 
basin. 

S(ju(irr  iiiilfs. 

SfpKirv  mi  Irs. 

Hare  ntiles. 

;n,soo 

48,600 

80,400 

22, 100 

•15, 700 

08,100 

2:1 200 

52, 100 

75. 300 

•105 

6, 320 

G.  815 

10, 000 

24,480 

34,480 

^T.S'.l.") 

177,200 

265, 095 

v 
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That  x>ortion  of  the  drainage  area  of  Lake  Erie  lying  vrithin  the 
bate  of  New  York  is  given  as  2,210  square  miles.  The  area  of  islands 
1  Niagara  River  is  given  as  29  square  miles.  That  portion*  of  the 
atershed  of  Niagara  River  lying  within  the  State  of  New  York  has 
ft  area  of  789  square  miles.  The  area  of  the  river  itself,  from  its 
ead  at  Lake  Erie  to  the  Falls,  is  21  square  miles.  ^ 
The  accompanying  table  gives  the  precipitation  within  and  in  the 
icinity  of  the  drainage  area  of  the  Great  Lakes  for  the  years  from 
^92  to  1895,  inclusive.  In  this  table  a  few  only  of  the  many  precipita- 
on  records  which  are  now  available  have  been  used.  The  records 
lere  appearing  are,  it  is  believed,  sufficient  to  show  the  mean  pre- 
pitation  of  the  basin  of  the  Great  Lakes  for  the  years  indicated.  In 
lis  and  subsequent  tables  the  water  year^  is  considered  as  beginning 
ith  the  month  of  December  of  the  preceding  year.  Thus  the  water 
Bar  of  1879  extends  from  December,  1878,  to  November,  1879,  inclu- 
ve.  The  months  from  December  to  May  constitute  what  may  be 
)rmed  the  storage  period.  During  this  time  vegetation  is  inert,  the 
^mperature  low,  with  consequent  light  evaporation.  Usually  from 
)  to  80  per  cent  of  the  precipitation  of  this  period  runs  off  in  the 
creams. 

June  to  August,  inclusive,  is  the  growing  period.  Then  the  tem- 
erature  is  at  its  highest  for  the  year  and  vegetation  is  active.  For 
lis  i)eriod  only  about  20  per  cent  of  the  rainfall  appears  in  the 
creams,  and  some  of  that  is  usually  the  stored  ground  water  of  the 
receding  period. 

September  to  November,  inclusive,  is  the  replenishing  period.  The 
dmperature  is  again  relatively  low,  vegetation  inert,  and  the  rainfall 
;oe8  to  replenish  the  stock  of  ground  water,  depleted  during  the  gi'ow- 
ng  period,  or,  after  the  ground  again  becomes  full,  appears  as  direct 
run-off  in  the  streams.  In  the  table  the  monthly  precipitation  has 
been  omitted,  as  it  can  readily  be  found  in  the  annual  reports  of  the 
United  States  Weather  Bureau,  and  the  data  have  been  condensed 
to  show  the  total  quantities  for  the  storage,  growing,  and  replenish- 
Dg  periods,  together  with  the  total  annual  amounts. 

'  Beport  of  the  United  States  Deep  Waterways  Commission,  by  tbe  commissioners,  James  B. 
Q8:qU,  John  E.  Bnssell,  Lyman  E.  Cooley.  Accompanied  by  the  report  on  technical  work  and 
^  Beveral  topical  reports  and  drawings  pertaining  thereto.  Printed  as  House  Document  No. 
^  ^fty-flfth  Congress,  second  session,  Washington,  1897,  pp.  146, 147. 

*  ^1*  the  drainage  area  of  the  Great  Lakes  in  detail  reference  may  be  made  to  an  excellent  map 
^he  basin  of  the  Great  Lakes  and  of  St.  Lawrence  and  Hudson  rivers  in  relation  to  the  sur- 
■*^ding  drainage  systems  accompanying  the  report  of  the  Deep  Waterways  Commission. 
Report  of  the  State  Eng^ineer  and  Surveyor  of  New  York,  1895,  p.  99. 
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Precipitation,  in  hxches,  within  and  in  the  vieinUy  of  the  drainoffe  area  of  the 

Oreat  LakeSj  189S  to  1S96,  indugive. 


Locality  and  year. 


Pokegama  Falls.  Minn. 

1892 

1893 

1894 

1895 


Mean 


Dnlnth,  Minn.: 

1892.. 

1893 

1894 

1895 


Mean 


Minneapolis.  Minn. 
1892 

1893... 

1894 

1895. 


Mean 

Green  Bay,  Wis.: 

1S92 

1893 

1^94 

1895 


Mean 


Madison.  Wis. 

1892 

1893     

1894.. 
189.-) 


Mean 


Milwaukee,  W^is. 

1892 

1893 . 

1891...    

1895 - 


Moan 


December 
to  May. 


11.76 
9.64 

14.72 
9.14 


17.96 

11.06 

19.44 

6.44 


13.78 

12.80 

15.66 

7.72 


14. 95 
14.85 
19.65 
10.06 


Jane  to 
Auffost. 


18.  17 
15.r>9 
15. 94 
10.34  I 


6.99 
13.06 

8.04 
12.49 


11.78 
6.86 
3.80 
9.32 


28.32 
9.79 
1.73 
9.96 


12.47 
8.12 
8.52 
7.52 


September 

to  No- 

Tember. 


11.00 

10.14 

4.81 

7.45 


7. 15 

10.46 

3.14 


ADQcal 


X.X 


23.85 


Ji.:/ 


18.89 

13. 34 

4.89 

:]:.12 

13.37 

12.75 

5.82 

•MM 

10.96 

6.2.3 

7.61 

24.^ 

5.  54 

3.88 

2. 57 

u.w 

*./ 
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n  inches^  within  and  in  the  vicinity  of  the  drainage  area  of  the 
Cheat  Lakes,  189$  to  1895,  tndtmt^e— Gontinaed. 


iity  and  yoar. 

December 
to  May. 

Jane  to 
AnfiTost. 

September 
to  No- 
vember. 

Annual. 

16.03 

13.93 

14.48 

9.68 

14.66 
6.85 
8.16 

10.70 

5.56 

6.18 

10.80 

7.00 

86.25 

26.96 

27.94 

27.28 

$6.61 

27.26 

24.45 

21.11 

9.08 

10.91 
4.52 
4.58 
6.40 

6.97 
8.92 
7.83 
8.56 

I.:        • 

45.14 

87.89 

88.51 

24.04 

36,15 

14.52 

20.54 

1C.63 

8.92 

8.18 
7.18 
2.76 
5.40 

7.70 

10.83 

7.21 

4.70 

;h.: 

80.38 

88.05 

26.60 

19.02 

$8,51 

16.57 
19.02 
19.84 
10.89 

8.93 
6.79 
4.07 

4.88 

4.97 

8.68 

11.08 

6.17 

!dich. : 

• 

30.47 

84.49 

84.99 

21.94 

30,47 

16.03 
14.81 
24.65 
16.35 

3. 53 
9.16 
5. 25 
7.04 

8.89 
7.41 
9.31 

8.89 

h.: 

28.45 

31.38 

89.21 

82.28 

32,83 

12.39 
15.61 
17.80 
11.66 

10.30 
7.94 
6.83 
4.59 

6.43 
8.31 
9.80 

O.  VrO 
\ ■ 

1.: 

29.12 

81.86 
84.48 

25.28 

V     ^0.1^ 
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Precipitation,  in  inches,  unthin  and  in  tlie  vicinity  of  the  drainage  area 

Oreat  Lakes,  1893  to  1895,  inclusive — Continaed. 


Locality  and  year. 


Traverse  City,  Mich.: 

1892 

1893 

1894 

1895 


Mean 


Cleveland,  Obio: 

1892.  

1893 

1894 

1895 


Mean 

Toledo,  Ohio: 

1892 

1893 

1894 

1895 


Mean 


Buffalo,  N.  Y. 

1893 

1893 

1894 

1895 


Mean 


Rochester,  N.  Y. 

1892 . 

1893 

1894 

1895- 


Mean 


Oswego,  N.  Y. : 

1893 

1893 

1894 

1895 


Mean 


December 
to  May. 


17.65 
17.88 
20.62 
16.69 


19.84 

19.09 

15.28 

9.29 


17.77 

10.17 

14.98 

9.23 


22.62 
20.65 
33.47 
14.17 


June  to 
Aag^QSt. 


17.75 
18. 05 
31.26 
16.16 


15.32 
14.63 
19. 55 

15.06 


10.87 
7.07 
5.61 
4.53 


11.91 
5.46 
5.55 
7.59 


12.76 

4.81 
2.78 
6.24 


16.93 
8.00 
5.82 
6.23 


13.41 
9.36 
7.05 
6.84 


15.33 
9.83 
6.46 
6.25 


September 
to  No- 
vember. 


V 


8.61 

11.41 

9.72 

7.85 


5.90 
7.45 

7.77 
7.91 


6.47 
6.92 
5.28 
7.11 


8.32 

7.87 

12.50 

8.85 


5.94 
6.02 
7.14 
7.15 


6.82 

8.01 

11.13 

9.08 


Ai 


41 
36 
40 
29. 

Si 

37. 
33. 
35. 
30. 

37 
32 

3: 

3 
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in  inches,  toithin  and  in  the  vicinity  of  the  drainage  area  of  the 
Oreat  Lakes,  1892  to  1S05,  inclusive— ConWsmedi, 


>rality  and  year. 

December 
to  May. 

Jane  to 
August. 

Beptember 
to  No- 
vember. 

Annual. 

mitoba: 

6.65 
8.25 
8.55 
8.18 

8.70 

10.81 

3.80 

6.62 

3.96 
4.35 
5.84 
2.42 

19.31 
23.41 

18.19 

17.22 

19.63 

8.84 
8.48 
8.20 
8.76 

7.85 
7.89 
5.57 
7.86 

5.31 
6.50 
8.30 
6.05 

Ontario: 

21.50 

32.37 
23.07 

22.67 

22.15 

12.21 
18.64 
19.90 
11.93 

12.29 
9.85 
3.07 
6.24 

6.65 

7.86 
8.44 
7.76 

irio: 

31.15 
36. 35 

31.41 

25.93 

31. 21 

^eipitatiou  data  are  of  special  interest  bee^iiso  the  year 
e  culmination  of  a  period  of  exceedingly  low  water.  They 
3r  a  perio<l  of  four  years  the  precipitation  of  this  basin 
id  in  consequence  the  run-off  of  the  tributary  streams 
)een  exceedingly  small.  As  illustrating  this  proposition, 
b  refer  to  the  run-off  of  the  Upper  Mississippi/  where  there 
ir  system  controlling  a  drainage  area  of  3,265  square  miles, 
»d  about  1885.  The  rainfall  of  the  area  tributary  to  these 
IS  indicated  bj^  records  kept  at  Leech  Lake,  Lake  Wini- 
.nd  Pokegama  Falls  from  1885  until  the  present  time  is, 
ge,  from  24  to  20  inches  per  year.  The  highest  recorded 
ipitation  is  31.87  inches,  at  Pokegama  Falls  in  1894.  The 
the  area  tributary  to  the  Upper  Mississippi  reservoirs  is 
3  quite  similar  to  that  of  tlie  region  tributary  to  Lake 
Flence  the  run-off  of  this  reservoir  system  may  be  con- 
representing  the  run-off  of  the  drainage  area  of  Lake 
id  the  northern  portion  of  Lakes  Michigan  and  Huron. 


►rt  of  Chief  of  Engrineors  U.  S.  Army  for  1H%,  Part  III,  p.  l»(3;  also  for  l«OT,Pwrt 
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The  following  gives  the  discharge  from  these  reservoirs  for  the  yean 
1892  to  1895,  inclusive,  corresponding  with  the  years  of  precipitation 
shown  in  the  table  on  pages  50  to  63: 

Mean  rainfall ^  run-off,  and  proportion  of  runoff  to  rainfall  of  the  area  tributarf 

to  the  Upper  Mississippi  reservoirs. 


Water  year. 

Mean  rainfall 

on  water 

shed. 

Run-off  of 
watershed. 

Proportioii 

of  ran-off  to 

rainfiUL 

1892 

Inchea. 
21.33 
25.42 
26.63 
25.11 

Inchea. 
4.43 
3.61 
3.62 
2.79 

Percent. 
20.8 
14.2 
13.6 
11.1 

1893 

1894 

1895 

Total 

98.49 

14.45 

Mean  

24.62 

3.61 

14.7 

The  table  shows  that  during  the  years  1892  to  1895,  inclusive,  the 
mean  run-off  of  the  Upper  Mississippi  watershed  was  only  3.61  inches 
on  the  total  watershed.  These  figures,  however,  are  subject  to  cor- 
rection because  the  state  of  the  reservoirs  at  the  beginning  and  end- 
ing of  the  four-year  period  is  not  given  in  the  report  of  the  United 
States  engineers,  from  which  these  data  are  taken.  This  correction, 
however,  can  not  be  very  large,  because  the  reserv^oirs  are  so  operated 
as  t^)  be  emptied,  generally  speaking,  each  year.  In  considering  the 
run-off  of  these  Upper  Mississippi  reservoira,  due  consideration  should 
be  given  to  the  fact  that  tlie  water  area  of  the  reservoirs  is  bd^b  square 
miles,  or  nearly  18  per  cent  of  the  whole.  For  Lakes  Superior,  Michi- 
gan, Huron,  St.  Clair,  and  Erie  we  have  a  total  water  surface  of  87,S0.) 
square  miles,  with  a  total  drainage  area,  including  the  surface  of  the 
lakes,  of  265,095  square  miles.  The  water  surface  of  these  several 
lakes  is,  therefore,  about  33  per  cent  of  the  entire  area  of  the  basin, 
or  nearly  double  the  relative  area  of  water  surface  and  di-ainage  arta 
for  the  Upper  Mississippi  reservoirs.  With  other  conditions  the  same, 
this  fact  would  probably  lead  to  a  somewhat  greater  proportion  d 
run-off  from  the  Great  Lakes. 

By  w^ay  of  further  illustrating  the  yield  of  streams  in  the  vicinity 
of  the  Great  Lakes  drainage  area,  we  may  refer  to  the  run-off  of  the 
Des  Plaines  River  as  given  in  the  table  on  page  G4.  This  stream 
has  been  measured  by  the  Chicago  drainage  commission,  with  certaifl 
intermissions,  as  shown  by  the  table,  since  January,  1886,  the  drain- 
age area  above  the  point  of  measurement  being  633  square  mileN 
The  drainage  area  comprises  a  long  and  narrow,  flat  region  extending 
from  near  Chicago  to  a  few  mUc^  iiorlh  of  Milw^aukee,  the  eastern  line 
being  for  the  entire  distance  weavVy  \ia\?v\\^\  VQ\^«}6.^^\.Oa\^^  andlB 
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places  only  2  or  3  miles  distant  therefrom.  The  area  drained  by  the 
Des  Plaines  River  is  large  enough  to  give  a  fair  idea  of  the  average 
yield  of  streams  tributary  to  Lake  Michigan  in  northern  Illinois  and 
Indiana,  western  Michigan,  and  southern  and  central  Wisconsin.  In 
1893,  with  a  mean  rainfall  on  the  drainage  area  of  39.90  inclies,  the 
total  run-off  was  10.14  inches,  of  which  8.61  inches  occurred  during 
the  storage  period  from  December  to  May,  inclusive.  In  1894,  with 
a  total  rainfall  of  27.94  inches,  the  total  run-off  was  7.70  inches,  of 
which  7.54  inches  occurred  in  the  storage  period.  For  tlie  year  1895 
the  total  rainfall  was  27.28  inches.  The  run-off  data  of  this  year  are 
unfortunately  incomplete,  but  taking  into  account  the  sequence  of 
the  rainfall  it  is  clear  that  the  total  run-off  for  that  year  did  not  exceed 
about  2.0  to  2.5  inches.  The  effect  of  the  three  dry  years  1893,  1894, 
and  1895  in  the  Des  Plaines  drainage  area  is  shown  by  the  record  of 
1896,  where,  with  a  total  rainfall  of  39.58  inches,  the  total  run-off  was 
only  6.69  inches,  of  which  5.39  inches  occurred  in  the  storage  period. 
These  figures  indicate  that  the  ground  water  of  the  Des  Plaines  area 
must  have  been  so  low  at  the  end  of  1895  as  to  absorb  a  large  portion 
of  the  heavier  rainfall  of  1896  before  any  great  amount  could  appear 
as  run-off.^ 

BainfaU^  run-off^  evaporation^  and  mean  temperature  of  Muskingum  River^  as 
measured  by  the  United  States  engineers ^f  rata  1888  to  189.5,  inclusive. 

[In  inches  on  the  watershed.] 


Month. 


December. 
Jannary... 
yebmary  . 

March 

April 

May 

Jane 

July 

▲ngnst — 

September 
October ... 
Morember 


1888. 

i 

0 

I 

a 

o 
3U.8 

• 

1 

• 

9 

S 
03 

• 

• 

2 
I 

1.50 

1.9i 

0.18 

3.M 

1.24 

•  •••*•  - 

23.5 

3.63 

1.91 

1.12 

•  *•••«  . 

29.4 

1.55 

4.05 

1.38 

32.5 

1.71 

1.76 

0.80 

46.9 

2.23 

3.66 

0.45 

58.4 

2.90 

17.16 

5.17 

11.99 

S6.9 

13.53 

2.eo 

0.29 

68.4 

4.79 

5.81 

0.81 

70.4 

5.35 

5.84 

0.67 

68.8 

1.98 

lk.91 

1.77 

IS.  5k 

(19.2 

1^.12 

3.28 

0.61 

•  ••••*,  . 

58.0 

4.17 

3.25 

0.77 

45.6 

2.35 

4.61 

2.01 

41.1 

3.72 

11.1k 

S.S9 

7.75 

k8.3 

10.  fk 

42.61 

10.33 

32.28 

47.8 

35.88 

1889. 


? 

a 


0.84 
1.H9 
1.42 
0.71 
0.88 
0.28 
n.oi 
0.47 
0.55 
0.22 
1.2k 
0.14 
0.14 
0.68 
0.96 


o 

CO 

u 

& 

> 


8.22 


.5() 


10.  S3 


9.28 


27.66 


£ 

0 

B 


o 
31. 
31. 
24. 

:)9. 

47. 
59. 

SS. 
65. 
71. 
67. 
OS. 
61. 
46. 
40. 
k9. 


1890. 


4 


48.8 


3.01 
4.52 

5.84 

4.:w 

3.41 
6.61 

■J7. 77 
5.27 
3.06 
5.35 

Id.  OS 
6. 86 
0.20 
2.46 

15.52 


56.97 


9 

0 

0 

1.48 
3.53 
3.73 
4.23 

2.00 
3.10 
IS.  07 
1.64 
0.51 
0.49 
2.6k 
2.28 
2.01 
1.84 
6. 1;J 

§ 

1 

9.70 

11.0k 

9.  SO 

Temperature. 

o 
41.1 

37.0 
37.5 
32.0 
48.8 
56.9 
k2.2 
70.7 
70.9 
66.6 
69.  k 
60.6 
51.1 
42.0 
61.  S 

26.84 

30.13 

51.3 

>  For  details  of  the  measurements  of  the  Des  Plaines  River  see  data  pertaining  to  rainfall  and 
flow,  by  Thomas  T.  Johnston,  Journal  Western  Boc.  C.  ^^'VciLl  V3'vxTv<(^>\^ifo^> 
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BainfaU,  run-off,  evaporation,  and  mean  temperaturt  of  Mtuinnffitm  JItncr.qt 
meoMurtd  by  tht  United  StaU»  emgiiuert,  from  1SS8  to  1S9S,  tnelMHn— Otnt'd. 
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.  the  table  is  given  the  rainfall  and  run-off  record  for  Muskingum 
3r,  in  Ohio,  as  measured  at  Zanesville  ^  for  the  years  1888  to  1895, 
asive,  the  area  of  the  watershed  above  the  point  of  measurement 
[g  5,828  square  miles.  The  head  waters  of  the  stream  are  not  far 
1  Lake  Erie  and  on  the  dividing  line  between  the  hill  country  of 
east  and  the  prairie  country  of  the  Mississippi  Valley.  Hence 
stream  represents  conditions  applicable  to  the  run-off  of  the  Ohio 
ams  tributary  to  Lake  Erie.  The  rainfall  recoi*d  as  used  in  this 
e  is  the  mean  of  the  records  kept  at  Akron,  Canton,  Newcomers- 
D,  and  Wooster,  and  may  be  considered  to  represent  fairly  well 
mean  precipitation  of  the  Muskingum  drainage  area.  For  the 
p  1892  the  total  rainfall  was  41.74  inches  and  the  total  run-off  13.38 
les,  of  which  9.06  occurred  in  the  storage  period.  In  1893  the  total 
ifall  was  42.36  inches,  with  a  total  run-off  of  16.20  inches,  the  run- 
of  the  storage  period  being  14.13  inches.  In  1894  the  rainfall 
pped  to  a  total  of  30.51  inches  and  the  run-off  to  a  total  of  8.70 
les,  of  which  7.63  inches  occurred  in  the  storage  period.  In  1895 
total  rainfall  was  29.84  inches  and  the  total  run-off  4.90  inches,  of 
ch  4.04  inches  occurred  during  the  storage  period, 
renesee  River,  while  not  tributary  to  the  Great  Lakes  above  Niagara 
er,  may  still  be  cited  as  showing  that  at  times  the  run-off  of 
«ms  tributary  to  the  Great  Lakes  is  quite  low.  Referring  to  the 
le  on  page  70,  giving  the  rainfall  and  run-off  of  Oatka  Creek,  a 
•utary  of  the  Genesee,  we  learn  that  in  the  water  year  1891,  with 
kinfall  of  38.12  inches,  the  run-off  was  14.05  inches.  In  1892,  with 
infall  of  41.69  inches,  the  run-off  was  15.42  inches, 
aking  the  record  of  Genesee  River  proper,  as  given  in  the  table 
page  58,  we  learn  that  for  the  water  year  1894,  with  a  mean  pre- 
tation  above  the  point  of  measurement  of  47.79  inches,  the  run-off 
19.38  inches,  of  which  15.73  inches  occurred  in  the  storage  period. 
895  the  rainfall  dropped  to  31  inches  and  the  total  run-off  to  6.67 
les.  In  1880  Hemlock  Lake,  a  tributary  of  Genesee  River,  with  a 
nage  area  of  43  square  miles  and  a  total  rainfall  of  21.99  inches, 
p  a  run-off  of  only  about  3.4  inches. 

irvey  of  the  Miami  and  Erie  Canal,  the  Ohio  Canal,  otr..  Report  of  Capt..  Hiram  M.  Chitten- 
Corps  of  Engineers,  U.  S.  Army,  January  2i\  1896,  printed  an  House  Document  No.  278, 
•fourth  Congress,  first  session,  p.  4:^. 
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Rair^aS,  runoff,  einponiHoB,  atul  mean  temperature  of  Oetteaet  I 
J,  to  November,  iS96,  indvmve. 
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Tluwe  lifTuros  lire  cited  to  show  that  in  yeara  of  low  rainfall  lb( 
ruu-olT  ot  .'iti-eama  tribiitary  to  Llie  Great  Lakes  is  very  low, 
coaHcqiieiico  tho  run-off  of  NiagJii-a  River  will  probably  be  affwltJ 
thereby.  At  present  the  data  are  inBufficient  for  showiug  whatlte 
riin-ofF  of  Niagara  River  really  is. 

Tlie  most  elaborate  measureinents  thus  far  made  are  those  of  il" 
Lake  Survey  in  18(37  and  1SG8,  which  are,  however,  extremely  unal- 
isffietory.  According  to  these  measurements  the  mean  disobaiVi 
rainfall,  and  evaponvtiou  from  the  Great  Lak^s  for  the  year  1*J*.  i" 
<■[]{»<•  feet  per  second,  were  as  follows: ' 


Afetiii  liixrhargt:  . 


ill/all,  ami  fvnjxtmi  ion  from  the  Great  Laken/or  thf  gearl^ 
ill  fiibic  fei-t  Iter  necoiiil. 


I  "Sg- 

Total  ralnlBlI 

?r=Sis! 

Superior 8«,000 

Haron  and  MichiRun        325.000 

Erie  ano.ooo 

171,430 
251.450 
100,540 

27.690 
58,8iW 
H.310 

Total __. 

533,220 

101,  aw 
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According  to  the  Deep  Waterways  Commission's  tabulations  of 
silable  records  of  heights  of  the  Great  Lakes,  it  appears  that  the 
Ater  levels  fluctuate  through  a  series  of  years  to  the  extent  of  about 
S  feet.  For  the  present  discussion  we  are  chiefly  concerned  with 
fluctuations  of  Lake  Erie,  which  control  the  discharge  of  Niagara 
ver.  By  examination  of  the  records  of  mean  monthly  elevation  of 
e  Erie  at  Buffalo  from  1887  to  1897,  as  kept  by  the  United  States 
Beer's  of&ce  at  Buffalo,  it  appears  that  the  highest  mean  monthly 
ion  during  these  years  was  for  June,  1887,  when  the  mean  lake 
ace  was  +0.92.  The  lowest  mean  monthly  elevation  for  the  period 
for  March,  1896,  when  the  mean  for  the  month  was  —2.30.  The 
ge  in  the  mean  monthly  elevations  for  this  period  was  3.28  feet. 

Mean  monthly  elevation  of  Lake  Erk  at  Buffalo, 
[In  feet  with  reference  to  datum.  ] 


Month 


®<^Jtemher 
^^Mober  ... 
November 

Year.. 


..  a-H).41 


1888. 


-0.25 
-0.48 
-1.09 
-l.OB 
-0.36 
-0.21 
■0.57 
-0.04 
+0.18 
+0.07 
+0.07 
-0.27 
-0.46 
-0.61 
-0  U5 


-0.38 


1889. 


-0.31 
-0.49 
-0.71 
-1.10 
-0.72 
-0.66 
-0.65 
-O.09 
-O.05 
-0.14 
—0.00 
-0.52 
-1.08 
-1.08 
—0.86 


-O.fiO 


180a 


-o.n 

-0.13 
-0.31 
-0.07 
+0.18 
+0.54 
—0.08 
+0.87 
+0.50 
+0.12 
+0.55 
-OS) 
-0.25 
-0.06 
—0.17 


1891. 


+0.05 


-0.31 
-0.57 
-0.60 
-0.55 
-0.43 
-0.65 
—0.53 
-0.67 
-0.49 
-0.78 
—4).  6.1 
-0. 95 
-1.32 
-1  38 
-Lii 


-0.73 


1892. 


1.35 
-1.44 
2  13 
1.93 
-1.00 
-0.66 

+0.16 
+0.37 
+0.00 
-H>.13 
-0.27 
-O.OO 
--0.98 
-0.63 


-0.83 


1893. 


-1.01 
-1.78 
-1.83 
-1.52 
-0.86 
-0.14 
—1.19 
+0.21 
+0.()H 
-0.51 
—0.07 
-0.70 
-0.87 
-0.88 
—<).8!t 


-0.82 


1894. 


-0.92 
-0.92 
-1.30 
-1.19 
-1.00 
-0  50 
-0.'J7 
-0.11 
-0.24 
-0.71 
-0.36 
-  O.OH 
-0.88 
-1.06 
0. 67 


-0.74 


1895. 

1896. 
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1.3» 
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1.72 

-l.W 

1H97. 

-1.82 
-1.47 
1.90 
1.39 
0.H7 
0.45 
/.  IM 
0.46 
0.4A 

-  0.116 
0.63 
1.40 

l.:w 

1.24 

-  l.its 

1.15 


a  Moan  of  nino  month.s. 


Temporarily  much  greater  fluctuations  have  been  exporicmood,  duo 
'Hrgely  to  wind  action,  to  which  Lake  Erie,  on  account  of  its  sluillow- 
'^^ss,  and  the  fact  that  its  general  direction  is  favorable  for  the*  swoop 
^^  the  prevailing  winds,  is  peculiarly  subject.  In  regard  to  IIk^  moas- 
^^ements  of  the  Lake  Survey,  it  may  be  remarked  that  they  indi(;ato 
*^i*ge  variations  in  discharge  from  all  of  the  hikes,  from  the  offoets  of 
^inds  and  other  disturbing  causes,  but  give  little  clow  to  the  quanti- 
y^^s  at  either  of  the  extremes  of  high  or  low  water.  According  to 
^J^man  E.  Cooley  the  extreme  low-water  discharge  is  i)robably  20  to 
**0  per  cent  less  than  the  Lake  Survey  figures,  and  extreme  high 
^ater  20  to  30  per  cent  more. 

Measurements  of  the  amount  of  water  flowing  in  Niagara  River  were 
l>egnn  in  December,  1801,  at  a  time  when  the  water  in  Lake  Erie  was 
Very  low  and  the  conditions  wore  considered  especially  favorable  for 
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minimum  discharge.  The  results  are  given  in  the  Annual  Reports 
the  Chief  of  Engineers,  United  States  Army,  for  1893,  PartVI,ppL 
4364-4371.  The  point  selected  was  about  1,000  feet  below  thelnta^ 
national  Bridge  at  Black  Rock,  near  the  foot  of  Squaw  Island,  at 
which  point  the  river  is  free  from  eddies.  Niagara  River,  on  leavi?g 
I^ke  Erie,  has  a  nearly  straight  channel  about  2,000  feet  wide  ftr 
the  first  2  miles.  The  fall  in  this  section  is  from  4  to  5  feet,  and  Ai 
velocity  ranges  from  7  miles  per  hour  at  the  upper  end  to  abort i 
miles  at  the  lower  end.  The  point  was  chosen,  after  careful  considen- 
tion,  as  the  point  in  that  vicinity  least  subject  to  disturbance.  Intak- 
ing  the  cross  sections,  the  width,  which  varies  slightly  with  differeil 
stages  of  the  river,  was  actually  determined  for  gage  readings  1  foot 
apart,  and  for  extreme  points  the  width  was  determined  by  interpo- 
lating values  derived  from  the  known  slope  of  the  river  banks,  k 
local  gage  was  established  at  the  draw  pier  of  the  International  BrMgo 
by  setting  gage  boards  on  each  side  of  the  pier,  with  the  zeros  of  flu 
gages  on  the  same  level.  The  local  gage  was  read  at  the  beginniq; 
and  close  of  all  velocity  observations,  and  the  gage  at  Buffalo  m 
read  at  7  a.  m.  and  1  and  7  p.  m.  The  zero  of  this  latter  gage  is  it 
the  mean  level  of  Lake  Erie,  or  572.23  feet  above  mean  tide  at  Net 
York,  in  the  Erie  Canal  levels,  or  as  used  by  the  Grovernment  engi- 
neers, 572. 96  feet.  During  the  velocity  observations  in  December,  1891, 
Lake  Erie  was  about  1.5  feet  below  its  mean  level,  and  is  stated  not 
to  have  been  seriously  affected  by  sti-ong  winds.  Still  the  daily  reeoii 
shows  that  there  must  have  been  some  wind  action.  The  carreot 
velocities  were  obtained  after  the  methods  used  b^^  the  Mississippi 
River  Commission  and  described  in  their  reports,  all  velocity  observa- 
tions being  taken  with  a  current  meter,  with  electrical  appliances fof 
recording  the  number  of  revolutions.  The  following  are  some  of  the 
results  obtained:' 

Mean  heights  and  discharge  of  Niagara  River, 


Date. 


I  Mean  heij?ht  , 
:  on  IcH'al  gtige.  i 


1891. 
December  24 
December  11 
December  21 
December  20 
December  22 
December  10 


1.S92. 


May  10. 
May  7. 
May  24 


hWt. 
0. 05 
0.G5 
0.  785 
0.  .S;i5 
1.125 
1.33 


1.5G2 
1.750 


Mean  height 

on  Bufifalo 

gage. 


Feft. 

—  2. 95 

—  1.85 

—  1.75 

—  1.  75 

—  1.45 

—  0. 50 


Discharge  per 


^>   I 


—  0.80 

—  0.85 
H-0.  15 


Cn.  fe*ft. 

164,G48 

191,822 

19:3,522 

201,4^3 

208, 597 

218,353 


213, 180 
218,988 
236,762 


i 


X 
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lie  table  shows  (1)  a  variation  in  lake  elevation,  as  indicated  in 
I  Buffalo  gage,  from  — 2.95  on  December  24, 1891,  to  +0.15  on  May 
1892,  a  range  of  3.10  feet;  (2)  a  variation  in  discharge  of  72,114 
jic  feet  per  second.  There  are  some  discrepancies  in  the  results 
ich  it  is  not  necessary  to  discuss  at  length ;  but  in  the  absence  of 
►re  satisfactory  data  we  may  assume,  in  view  of  the  foregoing 
idence  as  to  the  small  run-off  of  streams  tributary  to  and*  in  the 
jinity  of  the  Great  Lakes,  that  the  figures  obtained  in  the  fall  of 
)1  and  spring  of  1892  are  probably  more  nearly  correct  than  the 
•ger  figures  of  the  Lake  Survey.  By  plotting  the  observed  dis- 
arges  a  mean  discharge  curve  has  been  obtained,  from  which  the 
scharge  of  the  river  at  points  within  the  range  of  the  observation 
n  be  taken  off,  when  one  has  the  tabulated  heights  of  the  Buffalo 
ge  before  him.  At  present  these  measurements  are,  on  the  whole, 
t  considered  sufficiently  exact  to  justify  the  labor  of  preparing 
abulation  of  this  character.^ 

leferring  to  the  table  on  page  58,  it  is  learned  that  the  rainfall 
that  portion  of  the  basin  of  the  Great  Lakes  tributary  to  Niagara 
^er  was,  for  1868,  523,220  cubic  feet  per  second,  and  the  evapora- 
1  from  the  water  surface  of  the  lakes  tributary  to  Niagara  River 
i  101,890  cubic  feet  per  second.  Hence  the  evaporation  from  the 
e  surfaces  was  nearly  20  per  cent  of  the  rainfall  on  the  whole  basin, 
(timing  for  the  moment  the  truth  of  these  figures,  we  have  80  per 
t  of  the  total  rainfall  from  which  the  land  evaporation  must  be 
iucted  before  anything  can  run  off.  Again  assuming  the  land 
.poration  at  1.70  feet,  there  results  a  loss  from  this  source  alone  of 
,000  cubic  feet  per  second ;  adding  to  this  the  evaporation  loss  from 
water  surf  aces  gives  a  total  evaporation  loss  of  399,890  cubic  feet 
second.  The  run-off  is  the  difference  between  rainfall  and  total 
'I)oration  losses.  If,  therefore,  the  land  evaporation  was  1.7  feet 
the  year  1868,  the  run-off  would  have  been  in  reality  only  123,330 
^ic  feet  per  second  instead  of  265,000  cubic  feet  per  second,  as 

liere  have  been  a  number  of  independent  measurements  of  volume  of  the  Niagara,  and 
Sh  the  results  differ  widely,  they  probably  do  not  differ  more  than  the  actual  volume  of  the 
r  at  various  stages  of  Lake  Erie. 

ell  (1841  ?)  quotes  Buggies  as  authority  for  a  volume  of  250,000  cubic  feet  per  second. 
R.  Blackwell,  computed  by  Allen  (Am.  Jour  Sd.,  1841),  obtains  374,000  cifbic  feet  per  second, 
work  was  afterwards  recomputed  by  D.  F.  Henry,  who  obtained  244,797  cubic  feet  per 
Dd. 

the  annual  report  of  the  CJhief  of  Engineers,  United  States  Army,  for  1867-68,  D.  F.  Henry 
s  as  a  result  of  observations  in  August  and  September,  1867,  242,494  cubic  feet  per  second. 
Ar  later  he  recomputed  from  the  same  data,  and  obtained  240,192  cubic  feet  per  second.  He 
made  a  new  measurement  by  a  different  method  (see  Rei)ort  for  1868-69)  from  which  he 
ined  two  results,  904,307  and  258,586  cubic  feet  per  second. 

F.  Reynolds  (annual  report  of  the  Chief  of  Engineers,  United  States  Army,  1870?),  gives  the 
It  of  observations  from  June  to  September,  1869, 212,860  cubic  feet  per  second. 
the  annual  report  of  the  C^ief  of  Engineers,  United  States  Army,  for  1871,  there  is  mention 
reenlt,  without  date  of  measurement,  245,296  cubic  feet  per  second. 

fcbe  annual  report  of  the  Chief  of  Engineers,  United  States  Army,  for  1891-92,  Quintus,  as  a 
t  of  gaging,  gives  the  volume,  reduced  to  mean  stage,  as  232,800  cubic  feet  per  second. 
Casimir  S.  Ozowaki,  from  continuous  observations  at  tYie  InteTuaWoii^  ^tV!^\g.«^^SSWSSS^^ 
an  avenge  discharge  for  that  period  of  246,000  cubic  toet  v^t  Qdcou^. 


62     .    WATER  RESOURCES  OF  STATE  OP  NRW  TOBK,  PAST  I. 

determined  by  the  Lake  Survey.    These  flgares,  while  not  oqdoIi 
are  sngn^tlve,  so  much  so,  indeed,  that  taking  into  aooomitin 
conditions  it  seems  clear  that  in  a  series  of  years  of  minimmn 
the  run-ofF  of  the  Great  Lakes,  tributary  to  Niagara  River,  may  hi 
low  as  from  6  to  9  inches  a  year  on  the  watershed.    At  the 
figare  the  mean  discharge  would  be  about  177,700  cubic  M 
second.^ 

As  an  additional  source  of  loss  from  the  Great  Lakes  the 
ultimate  diversion  of  10,006  cubic  feet  per  second  through  the  < 
drainage  canal  to  the  head  waters  of  Illinois  River  may  be 
to.    Thub  far  the  discussion  of  such  loss  has  been  mainly 
on  the  supposition  that  the  mean  discharge  of  the  Great  likHi 
Niagara  was  about  265,000  cubic  feet  per  second.    If  this  were  tni] 
the  ultimate  injurious  effect  of  such  diversion  could  only 
during  a  series  of  extremely  dry  years.    The  author  can  not  but 
that  this  whole  question  of  the  run-off  of  Niagara  River  has  beooKJ 
fogged  by  a  discussion  based  thus  far  purely  on  averages.    What W 
really  want  to  know  is  the  run-ofF  of  a  cycle  of  dry  years.    WithMkj 
data  wo  can  compute  the  effect  of  a  given  diversion  more  satistaetori^ 
tlian  when  dealing  with  means. 

With  a  cycle  of  rainfall  years,  either  high  or  at  about  the  avengA,it 
is  probable  that  very  little  effect  from  such  diversion  will  be  observdi 
the  eonsensus  of  opinion  at  the  present  time  apparently  being  thaiil 
will  not  exceed  about  0.3  to  0.4  foot  in  depth  over  the  areas  affectet 
Owing  to  the  balancing  of  conditions  due  to  the  immense  pondage oi 
the  Great  Lakes,  and  which  requires  years  in  order  to  complete  i 
cyck^,  it  is  uncertain  whether  the  abstraction  of  10,000  cubic  feet  pe 
second  at  Chicago  would  be  especially  detrimental  at  Niagara  Fafti 
alt  hough  in  yeara  of  extreme  low  flow  it  is  probable  that  it  would  1> 
easily  apparent.  If,  however,  the  minimum  flow  of  Niagara  River i 
really  ixh  low  as  150,000  to  180,000  cubic  feet  per  second,  it  is  clei 
that  th(»  loss  of  10,000  cubic  feet  per  second  will  be  a  matter  worti 
taking  into  account. 

In  the  discussion  of  the  effect  of  diverting  10,000  cubic  feet  pe 
second  at  Chicago  on  the  levels  of  the  Great  Lakes,  by  Lyman  I 
('Ooley,  which  appears  in  the  proceedings  of  the  annual  convention o 
the  International  Deei)  Waterways  Association,  held  at  Clevelandi 
September,  1895,  it  is  stated  that  assuming  the  correctness  of  th 

•  By  way  of  illustrating  further  tho  proliable  inaccuracy  of  the  Lake  Survey  flf^rcs,  it  ini 
bo  ]>oint4)(l  out  tliat  if  tho  determination  of  cvaiM>ration  from  tho  water  surfaces  at  lOl.r^ical 
feet  per  second  and  run-off  at  3li5,000  cubic  feet  iH>r  second  for  the  year  1868  is  correct,  the t-r* 
outgo  from  these  two  sources  was  ;W8,89()  cubic  foot  per  second,  leaving:  the  land  ovaixirati 
for  that  year  at  156,831)  cubic  feet  per  second,  or  at  0.0  foot  over  the  watershed. 

By  studying  the  eva]>oration  of  the  Upper  Mi8$ti«isippi  reservoirs,  the  Des  Plaincii  t 
Muskingum  rivers,  and  other  streams  herein  referred  to,  it  will  readily  be  seen  that  it 
exceedingly  improbable  that  a  land  evaporation  a-s  low  as  0.9  foot  ever  occurred  over  the  wh« 
watershed  of  the  Great  Lakes. 


1  BUN-OFF   OF   NIAGARA   RIVER.  63 


derived  from  the  Lake  Survey  placing  the  mean  discharge  of 
Clair  River  at  225,000  cubic  feet  per  second,  the  abstraction  of 
,OO0  cubic  feet  per  second  would  diminish  the  mean  outflow  in  St. 
Btir  River  by  nearly  4.5  per  cent  and  in  Niagara  River  by  about 
^"5  per  cent.  Mr.  Cooley  says  that,  reasoning  on  lines  obvious  to 
CNse  unacquainted  with  hydraulic  principles,  it  is  apparent  that  the 
ling  depth  in  the  rivers  at  mean  level  can  not  be  lessened  by  an 
lount  greater  than  the  percentages  just  stated;  but  if  we  consider 
e  qnestion  as  an  hydraulic  proposition,  taking  into  account  the 
Lation  of  mean  radius  to  area  and  perimeter,  it  is  apparent  that  the 
!ect  on  lake  levels  would  be  only  a  fraction  of  that  indicated  by  the 
Auction  in  volume. 

The  literature  of  the  discharge  of  Niagara  River  and  of  the  probable 
feet  on  the  lake  levels  of  abstracting  10,000  cubic  feet  per  second  at 
lieago  has  now  grown  so  extensive  as  to  preclude  further  discussion 
tlie  question  here.  Those  wishing  to  pursue  the  subject  further 
ay  consult  the  references  given  in  the  footnote.  Concluding  the 
ibject,  it  may  be  stated  that  the  studies  of  the  Lake  Survey  indicate 
mean  discharge  of  Niagara  River  of  about  265,000  cubic  feet  per 
eond,  with  a  range  above  and  below  the  mean  of  from  20  to  30  per 
mt.  The  only  measurements  since  ma<le  were  those  of  December 
»  May,  1891-92,  which  indicate  a  minimum  discharge  as  low  as  or 
ren  lower  than  141,000  cubic  feet  per  second,  this  latter  figure 
preeing  fairly  well  with  theoretical  considerations  derived  from 
resent  knowledge  of  the  actual  minimum  run-offs  of  contiguous 
raiuage  areas.  ^ 


>  Vor  literature  of  discharge  of  Oreat  Lakes  and  allied  questions  see  (1)  Ropts.  Chief  of  Engnrs. 
MK.lM0,lS70,aod'1882;  (2)  Ropts.  Chief  of  Engnro.,  18»3;  (3)  Eng.  News.  Vol.  XXIX  (March  2, 
W);  (4)  The  Lakes  and  Gulf  Waterways,  by  L.  E.  Cooley;  (5)  The  level  of  the  Lakes  as 
JBeetod  by  the  proposed  Lakes  and  Gulf  waterway,  a  discussion  before  the  Western  Society 
tf  SDgiiieer8,in  Jour,  of  the  Assn.  of  Eng.  Socs.,  Vol.  VIII  (Mch.,  1880);  (0)  An  enlarged  water- 
between  the  Great  Lakes  and  the  Atlantic  seaboard,  by  E.  L.  Cortboll,  with  discus- 
in  Joar.  of  the  Assn.  of  Eng.  Socs.,  Vols.  X  and  XI  (April,  June,  and  December,  1801,  and 
''lAjr,  IflflS);  (7)  Lake  level  effects  on  account  of  the  sanitary  canal  at  CThicago,  by  L.  E.  Cooley, 
aJProc.  Intemat.  Deep  Waterways  Con.,  at  Cleveland,  Sept..  1805;  (8)  A  technical  brief ,  by 
T.  Johnston,  covered  by  the  preceding  reference;  (0)  Papers  by  William  Pierson 
on  an  Enlarged  waterway  between  the  Great  Lakes  and  the  Atlantic  seaboard, 
■mphlets,  IBQO  and  1808. 
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RUNOFF   OF  ST.  LAWRENCE    RIVER. 

According  to  the  report  of  the  Deep  Waterways  Commission,  the 
^^a  of  the  water  sarfaee  of  I^ke  Ontario  is  7.45«'  s^^uare  miles,  ami 
^*ie  area  of  the  tributarv  watershed,  exclusive  of  the  area  of  the  lake 
\^^\tj  20y5d^J  square  miles.  The  total  area  of  th**  drainage  iMsin, 
^txcluding  both  land  and  water  surfaces,  is  32,1»n.»  s^juare  miles.  The 
^rea  of  the  water  surface  of  ?>t.  Lawn^nce  River  from  Ualloi^s  Kapids 
to  Montreal^  is  given  at  22C»s<^iuare  miles,  and  the  area  uf  the  tributary 
'Watershed  at  5,710  s^jiiare  miles:  henee  the  t«ital  area  of  the  l>sisin  of 
the  St.  Lawrence  from  Gallops  to  Montreal  l>ecomes  5,l»:3«.>  square 
miles. 

In  the  foregoing  figures  I-ake  Ontario  is  ennsidereil  as  beginning  in 
Niagara  River,  at  the  foot  of  Niagara  Falls  and  terminating  at  the 
head  of  Gallops  Rapids,  whence  the  following  sulxUvisions  of  water- 
sarface  area  are  derived:  Niagara  River,  o  s<iuai*e  miles;  I^ke  Onta- 
rio proper,  7,2»X)  square  miles;  St.  Lawi-enee  River,  185  squaiv  miles; 
giving  a  total,  as  alK>ve,  of  7,450  square  miles. 

Of  the  total  area  of  watersheil  of  25,53<>  square  miles,  14,275  s<iuaro 
miles  lie  within  the  State  of  Xew  York  and  11,255  square  miles  in  the 
Province  of  Ontario.  The  standard  low- water  elevation  of  Lake  Onta- 
rio is  taken  as  244.53  feet,  and  the  standanl  high-water  elevation  as 
249.04  feet  above  tide. 

St.  Lawrence  River  is  considered  as  iH^ginning  at  (Gallops  Rapids. 
The  following  table  gives  the  elevation  of  water  surface  at  a  number 
of  points.^ 

» Report  of  U.  S.  Deep  Waterways  Commission,  IWC,  Houho  Do^-iimont  No.  lit.*,  Fiftyluurtli 
Congrefls,  second  session,  pp.  151  - 1 5:^ 

«  Report  of  U.  S.  Deep  Waterways  Commi^ssion,  1897,  p.  l&J. 
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Elevation  above  tide  of  loiotvater  and  high-trater  surface  of  St,  LawrtimBim,  I: 


Locality. 


Standard  low  Standard  hi^h 
water.  water. 


Ogdensbnrg 

Lake  St.  Francis,  at  Valleyfield. 
Lake  St.  Louis,  at  Mellcheville  . 
Montreal 


Feet. 

244.28 

153.50 

70.0 

23.10 


Feet. 

248.57 

155.94 

77.50 

35.78 


The  area  of  water  surface  of  the  St.  Lawrence  from  Gallops  Rapids 
to  Montreal  is  220  square  miles,  and  the  total  area  of  watershed  not 
included  in  the  surface  of  the  river  is  5,710  square  miles,  of  which 
3,800  square  miles  lie  in  New  York,  G20  in  Ontario,  and  1,290  inQu^ 
bee.  The  total  area  of  the  drainage  basin,  including  water  surface 
of  the  river,  is  5,930  square  miles. 

The  only  measurements  as  to  the  discharge  of  St.  Lawrence  River 
thus  far  made  are  those  of  the  Lake  Survey,  which  give  a  mean  dis- 
charge of  300,000  cubic  feet  per  second.     The  recent  data  would  indi- 
cate that  this  figure  is  somewhat  too  large,  as  in  the  Lake  Survey  dis- 
charge of  Niagara  River.     The  streams  tributary  to  Lake  Ontario, 
however,  issue  from  a  region  of  heavier  rainfall  than  those  tributarvto 
the  Upper  Great  Lakes  and,  as  shown  by  the  run-off  tables  of  thisrep<^rt, 
are  generally  much  better  water  yielders.     Taking  everything  into 
account,  it  is  probable  that  the  minimum  discharge  of  St.  Lawi-em^e 
River  will  not  be  less  than  from  8  to  10  inches  over  the  entire  water- 
shed per  year.     A  run-oir  of  12  inches  per  year  over  the  entire  drain- 
age basin  would  give  a  mean  discharge  of  234,300  cubic  feet  i)er 
second,  or  a  discharge  of  0.884  cubic  foot  per  square  mile  i>er  second. 
A  mean  discharge  of  300,000  cubic  feet  i)er  second,  as  nieasure<l  by 
the  Lake  Survey,  would  give  1.13  cubic  feet  per  square  mile  jK^r  sec- 
ond.     'J'hese  ligures  an*  for  the  minimum  discharge;    for  yeai-s,  ui 
cycles  of  years,  of  average  rainfall  the  run-off  would  be  more. 

RUN-OFF  OF  INLAND    STREAMS   OF   NEW   YORK. 

The  data  for  determining  the  run-off  of  the  inland  streams  of  Nt'\N 
York  are  included  in  the  tables  given  on  pages  G7  to  So  and  others  fol- 
lowing. The  results  of  measurements  on  Oatka  Creek,  a  tributary  o( 
Genesee  River,  witli  a  drainage  area  of  27.5  square  miles  alx)ve  the 
point  of  measurement,  from  April,  ISlK),  to  November,  1802,  are  given 
on  page  70.  The  discharge  of  (Tcnesee  River  at  Mount  Morris,  aVmv*' 
which  i)oint  the  drainage  area  is  1,070  square  miles,  from  DecemlH^r, 
1893,  to  November,  1 SOO,  is  given  on  page  58.  The  table  on  pages  7«*»  ami 
77  shows  the  (plant  ity  of  water  drawn  frcnu  Hemlock  Lake,  also  a  tribu- 
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tery  of  GeiMflce  Bityf.  ;&■»!  wtck  a  -bnLnatPt  at^hl  A?>;^n*  ^h«e  pocjic  o£ 

measurement  of  4->  ^i^af*-  aiiliWw  f>r  :±»f  irAr*??  7*M*rs  ISS*    z^  ISSk 

inelnsive.    The  ^abi**-  •:»a  pa:?^  r^  £1t.*?%  a  sti  "ii"  "-i'ttT^cif^a  of  w;ft£er 

^rawn  from  SkaneactH*^  Likk*t '  >r  'JLt  naa'hs^  ia^ii-.-Tk'-fi  fr'jm.  •-Vcober. 

1890,  to  November.  I?tf7.  :ii*i£:isiT^.     Thf^  '^'i^ry    cl  puA-  Sf  ;rvi*  ^hse 

^un-off  of  Hudson.  Riv.»T  ;k^  3i»t-A5;ir*«i  a*  >f•^^tLAa:•rVLl>.  wfijer^  thie 

drainage  area  i:?  4.->>'  a«iaar«^  Ti:".tt>.  frrcu.  •  '•^.:<•^7.  1>^7.  :•••  XoTember* 

1B96,  inelasive.     Thi&  ZAbii^  -m  pai£^*>  S]  to  ^^  x'>«»  "iw-  raa-*>tf  •>f  Crocoa 

Itiver,  as  mea^ared  a:  rik>-  Cr»x*jc.  'L&aL.  »^ii#tr^  ".ht  'ir:&inaw  area  i* 

^38  square  mik<>.  f«>r  tli»»'  war»rr  j«*ar5  fr»>fli  1?7    to  Is?^,  iiiieli&siTe. 

*he  table  on  page  7i  pn^Tsen^'^  ai!i*a»Jir«rni-?'ii^  jkZ  R*.vaes<ef  in  eom- 

iNnrison  with  those  at  M*>an*  M*)ct«3^.     »  far  a:^  Thsr  aa:h»:>r  ean  Wanu 

^e  for^roing  inelode  all  rhe  "sysJienia^i*:  a-»a5;irv^a«riiT>  of  screams,  for 

^Onsidefable  peri«jdsw  tho*  far  !nati«r  in  ;he  S*a:«r»>f  Ne»  York,  exeepc 

^ose  bv  John  B.  Jervi^  of  th*r  3faiii2«:-ii  a&l  Eacoc  Hn.»>k>  in  l>:i3.  the 

^^ults  of  which  are  presen:^:*!  in  bia-  f*-p»>r:  f».»r  that  vr^r  to  the  eanal 

^mmissioners.  - 

DISCHABGE  MEJL^r^EXEXTS  OF  EAT»>N   JLNT»  MADIt?* 'X   BROOKS. 

Eaton  and  MadistKi  br»jok.'&.  ••(  which  measurements  were  made  br 
Air.  Jenris  in  1S35.  are  in  the  central-eastern  part  of  Madison  County 
^nd  tributary  to  Chenango  River.  The  drainage  area  of  Eaton 
terook  is  given  by  Mr.  Jenris  at  'y,y^»*  acres,  ^^r  I*.».^  square  miles,  and 
that  of  Madison  Brook  as  ^,«»>  acres,  or  '?A  s«:|nare  r-'es. 

Rainfall  *ih'i  rwH-C'jf  <:/  E^it***^  Bn:m.Ji\ 


Mcoth.  IU;r.f>:-        B*:=^- ^:^*.-i•     ^-^^^}r^      S"^^o 


*.**>  acnfs.  rminftOL 


Jane »               6.72  l«.S:6.+'?i>  .>9.40:.35U  3o.S 

July •2.:4  6:.6:M.l»>»  2:.994.*2i*>  41.4 

August 2.^  :m..Mi6.24M  i:3.54:.lV>S  19.2 

September 1.  .^  $3. 076.  .j6i>  9. 5!?6.  "ilS  29. 0 

October 3.0  74.a52.<;»00  20.694.t>5l  27. 2 

November 2. 20  54.  iMn,  ^\i  23. 772.  t>2i>  43.  S 

December 0.96  2:3. 696.  WO  :36,525..>44  54.1 

June  to   Decem- 
ber, inclusive. . .             19.  ^2  4^9. 2:».  >^0  191 ,  .V2>,  020  ;W.  2 
I     June  to  October, 
!         inclusive 411.2;35,440  iai.22i).8o6  81.9 

»  The  meftsnrements f or  short  periotls  of  several  streams  and  of  the  water  supi^ly  of  Unx^klyn 

are  not  oyerlooked  in  this  statement,  which  is  intended  to  apply  to  motksurv*mentsexteudiutf 
OTer  a  year  or  more. 
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Rainfall  and  run-off  of  Maduon  Brook, 


Month. 


1835. 

Snow  of  Novem- 
ber-December, 
1834,  on  ground. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


Rainfall. 


Indies. 


EUinfaU  for  6,000 
acres. 


2.17 

2.50 

1.03 

5.0 

l.d8 

8.05 

3.87 

3.06 

0.88 

3.86 

2.10 

0.76 


Run-off  from 
6,000  acres. 


Percentafe 

of  nio-oflto 

ndnfaa 


Cubic  feet. 
87, 120, 000 
47, 262, 600 
54, 450, 000 
22, 443, 400 

108, 900, 000 
43, 124, 400 

175,329,000 
84, 288, 600 
66,646,800 
19, 166, 400 
84,070,800  ■ 
45,738,000  \ 
16,552,800 


Cubic  feet. 


23, 192, 079 
35, 877, 594 
43,284,656 
80, 776, 974 
58, 013. 176 
'  20, 138, 006 
23,141,302 
23, 725, 060 
19, 158, 957 
19, 544, 880 
18, 232, 372 
19,401,364 


49.1  I 
6i9 

192.8  ' 

74.1 
134.5 

11.5 

27.4 

35.6  \ 

99.9  ' 

23.2  I 
39.9 


117. 


*  0 


January  to  Decem- 
ber, inclusive...! 

January  to  May,  I 
inclusive .    | 

June  to  October, 
inclusive 


35.20       855,092,800       383.986.420 

363,300,400       X:40,644.479 

429, 501, 600  I     105.  708.  205 


44.9 
r>6.2 
24.6 


The  following  statements  in  regard  to  these  iiieasiireDients  ai 
abstracted  from  ^Ir.  Jer vis's  report  :*  From  the  Eaton  Brook  results 
appears  that  the  average  rim-ofT  from  June  to  December,  inehisiv' 
was  »JI>.2  per  cent  of  the  rainfall  and  from  June  to  October,  iuclusiv 
31. n  per  cent  of  the  rainfall.  The  minimum  monthly  run-off  was 
August,  which  shows  only  10.2  per  cent  of  the  rainfall.  The  rainfi 
in  the  month  of  June,  1835,  on  Eaton  15rook  was  0.72  inches  and 
July  2.74  inches.  The  percentage  of  run-off  to  rainfall  for  June  w 
''^b.^^  whereas  for  July  it  was  41.4,  wliich  would  indicate  that  the  bi; 
of  the  June  rain  must  have  been  at  the  end  of  the  nronth. 


'  For  Mr.  Jervis's  orij^inal  report  seo  Apiw?iidix  F  to  Ann.  Kept.  Canal  Com.,  lKi5,  Ass.  1 
No.  G5.  pp.  rVMiO.  Mr.  Jervis's  tables,  with  extracts  from  the  report,  are  also  quoted  in  the 
lowinj?  documents: 

(1)  Report  of  F.  C.  MiU.s,  chief  en^^ineer  Gen.  Val.  Can.,  in  Api>endix  D  to  Ann.  Rept  < 
Com.,  1KJ7,  Ass.  Doc.  No.  80,  p. 81. 

(2)  R<»port  of  W.  H.  Talcott,  Res.  Eng.  Gen.  Val.  Can..  1H40.  Ass.  Doc.  No.  9tf,  p.  61. 

(3)  Report  of  the  Regents  of  the  University,  1KJ8,  Sen.  Doc.  No.  52,  pp.  3l)H-211. 

(4)  Do<'umentary  History  of  the  New  York  State  Canals.  By  iS.  H.  Sweet,  Dep.  State  Eng 
Sur.,  18<n,  Ass.  Doc.  No.  8,  pp.  203-204. 
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From  the  measurements  of  Madison  Brook  it  appears  that  in  1S35 
.e  average  ran-ofF  for  the  whole  year,  inelading  the  snow  on  the 
*ound  on  Jannarr  1.  was  44.9  per  cent,  or  nearly  one-half  of  the  rain- 
.11.     Mr.  Jervis  points  ont  that  on  account  of  ihe  >torage  of  the  res- 
"voir  Madison  Brook  record  can  noi  betaken  for  the  summer  months, 
at  that  the  year  should  be  divided  into  two  periods.     For  the  first 
^riod  he  gives  the  results  from  January  to  May.  inclusive,  during 
hich  the  run-off  was  6*>.f  per  cent  of  the  rainfall,  and  for  the  second 
"om  June  to  October,  during  which  the  run-off  was  24.6  per  cent  of 
le  rainfall.     During  the  second  period.  June  to  October,  inclusive, 
atou  Brook  gave  a  rtin-off  of  31. («  per  cent  of  the  rainfall.     Mr. 
ervis  explains  these  different  results  by  the  different  characters  of 
le  two  districts  drained.     Eaton  Brook  Valley  is  very  narrow  and 
le  area  drained  quite  steep,  with  a  ver>'  dose-textured  soil.     Madi- 
>n  Brook  Valley,  on  the  other  hand,  is  much  wider,  with  easy  slopes, 
nd  the  soil  in  a  portion  of  it  i.s  more  porous  than  that  on  Eaton 
^Took.     Mr.  Jervis  concludes  his  discussion  with  the  remark  that 
laton  Brook  Valley  would  afford  more  than  an  average  run-off  over 
I  large  district  of  country  including  the  usiml  varities  of  soil,  while 
Idadison  Brook  would  probably  not  differ  materially  from  the  general 
average  in  this  State. 

In  his  documentary  history  of  the  New  York  State  canals,  which  is 
Deluded  in  the  annual  report  of  the  .State  engineer  and  sur\'eyor  for 
he  fiscal  year  ending  September  3«».  1802,  S.  If.  Sweet  analyzes  3Ir. 
ervis^s  measurements  of  discharge  of  Eaton  and  Madison  brooks  and 
oints  out  several  probable  errors,  especially  in  the  Madison  Brook 
-Suit,  where,  bcK^ause  the  measurements  indicate  only  what  was  actu- 
ly  discharged  through  the  sluice  pipes  each  day  instead  of  what 
*ained  off  from  the  valley,  be  concludes  that  the  real  drainage  of  the 
adison  Brook  area  in  18:35  was  alK>ut  <L518  of  the  rainfall,  instead  of 
449,  as  given  by  Mr.  Jervis.     Inasmuch  as  the  Eaton  Brook  and 
adison  Brook  measurements  have  only  historical   interest  at  the 
'esent  time,  this  branch  of  the  subject  is  not  here  pursued  at  length. 
>  far  as  can  be  learned,  the  measurements  of  these  two  streams  bv 
r.  Jervis,  in  1835,  were  the  fii-st  systematic  measurement  of  the  run- 
f  of  streams  in  the  United  States,     (reologically  these  streams  lie  in 
e  horizon  of  the  Ilamilttm  shales. 

DISCHARGE   MEASUREMENTS   OF  OATKA   CREEK. 

The  measurements  of  ( )atka  Creek,  lecoiiled  in  the  following  table, 
jre  made  at  the  milldam  in  the  south  part  of  the  village  of  Warsaw, 

Wyoming  County.  The  dam  was  new,  practically  tight,  and  well 
apte<l  for  securing  accurate  results.     Measurements  were  also  nuide 

the  outflow  of  the  head  race  way  leading  from  the  dam  for  different 
ovations  of  water  on  the  dam,  and  a  curve  pi-epared  from  which  the 
scharge  of  the  race  way  was  read  off  and  added  to  the  dischai-go  over 
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the  (lam  as  computed  by  Francis's  weir  formula.    It  is  believed  that 
the  results  are  accurate  within  a  very  small  per  cent. 

Rainfall,  run-nff^  evajxfrfttion^  and  mean  temperature  of  Oatka  Creek  dr*iinai^. 

area. 


1S9I). 


[In  inches  on  the  watorAhed.] 


IWtl 


MonthH. 


Rain- 
fall. 


i7«r„,^   Mean 
^^P".  tern-  .  Rain- 
f*?^"     Pera     fall.  . 


R«n-  I  J^^  tern- 
**""•    ture. 


Run- 
off. 


vw,^^.  Mean 

^IJP-  tern- 
ora 


.1  _ 


!  tlon. 

i    


pera- 
tare. 


Rain-  .  Ron 
falL  .   off. 


December . . 
January  ... 
February  .. 

March 

April 

May 

June 

July 

AufTQHt 


..I 


Septemlx»r 
Octoljer  ... 
NovemlKjr 

Y»'ar 


.  I 


3.:« 
3.63 


...  <  •* 


tf.  15 
M.Ol 
4.12 
3.18 
3.22 
10.. 'J 

4. 52 
'2.W 

47.  :a 


2.17 
3. 10 

1.85 
0.38 
0.28 
,'.  .'>1 

i.a5 

2.27 
2.13 


I . . . 


S.Ol 


s.  y. 


37.0 

as.  7 

31.5 
29.5 
44.7 

52.8 
3S.0 
67.4 
70.2 
66. 8 
ti^.  I 
60.3 
50.2 
39.3 
1*9.  U 

48.5 


o 

2.61 

0.97 

24.6 

4.12 

2.62 

as.i 

4.67 

a40 

29.0 

3.70 

2.87 

29. 9 

1.52 

1.39 

45.7 

1.60 

0.63 

SS.8 

IS.Ji  : 

n.ss 

H.Sk 

3U.7 

4.01 

0.44 

65.2 

4.52 

0.37 

63.9 

4.^' 

0.25  i 

65.4 

12.  7H 

i.W  , 

11.72 

GU.8 

1.72  i 

0.4«: 

««•••*. 

6S.5 

2.49 

0.24    ; 

46.6 

2.91 

0.41 

••*... - 

36.5 

7.  U 

1.11  ' 

G.Ul 

W..^ 

38.12  14.05  24.07   45.7  41.69 


Tlie  (Iniinaj^e  area  of  Oatka  Creek  above  Warsaw  includes  27. o 
sciuaro  inil(\s  of  rollinir  semimountainous  country.  The  valley  of  the 
creek  is  deep  cut,  with  numerous  springs  at  the  head  waters.  The 
drainage  area  is  mostly  deforested  and  in  a  high  state  of  cultivatiou. 
the  soil  inelininjj:  to  elay  for  a  considerable  portion.  Geologically  thn 
stream  lies  in  the  roeks  of  the  Portage  formation,  as  developed  i:i 
western  New  York.  The  i'un-off  from  this  area  may  be  taken  a> 
fairly  typical  of  many  small  streams  in  western  New  York. 

DlSCHAKCiE   MP:ASUREMENTS   of  GENESEE  RIVER. 

The  measurements  of  (rcnesee  River  proper,  prcsente<l  in  the  table 
on  pa^e  ."is,  wen*  made  at  the  timber  dam  of  the  Mount  Morris  Hydraulic- 
Power  Company  from  September,  LSD-J,  to  November,  1896,  inclusive. 
The  crest  of  this  dam  is  quite  irregular,  and,  in  order  to  apply  weir 
formuhe  to  it,  an  accurate  i)rofiU»  was  taken  and  the  dam  divided  ini«' 
a  number  of  approximately  level  sections,  with  each  section  com- 
puted separately  for  various  heights  and  advancing  by  0.1  of  a  fu^'t 
up  to  10  feet.  Working  on  this  plan,  tlu^  flow  over  the  entire  dam. 
which  is  3;37  feet  in  h^ngth,  was  obtained  by  adding  together  the  suiii'^ 
of  the  several  sections  at  the  corresponding  heights  and  tabulatiiii' 
these.     A  gage  graduated  to  0.05  foot  was  erc^eted  on  the  river  bridire 
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tiort  distance  away,  with  its  zero  level  coinciding  with  the  lowest 
nt  of  the  dam.  During  ordinary  stages  of  the  river  readings  of  this 
:e  were  taken  twice  each  day,  but  in  time  of  high  water,  in  order  to 
ain  the  movement  of  floods  as  accurately  as  possible,  readings 
-e  taken  several  times  a  day.  In  order  to  compute  the  flow  readily 
Lirve  was  projected,  embodying  the  data  of  the  tabulation  previ- 
ly  referred  to,  and  from  which,  with  the  given  gage  heights,  the 
vs  in  cubic  feet  per  second  could  be  quickly  read  off. 
Vheu  the  measurements  were  first  begun,  it  was  considered  that 

formula  Q=1142  H*  was  best  suited  to  the  form  of  the  dam,  but 
er  more  careful  consideration  it  was  apparent  that  the  results  given 
this  formula  were  somewhat  in  excess  of  the  actual  discharge,  espe- 
lly  for  the  low- water  flows.  Accordingly  a  weir  was  constructed 
:'iiig  the  summer  of  1^06,  at  a  point  2.5  miles  above  the  Hydraulic 
^'er  Company's  dam,  where  rock  bottom  clear  across  the  river  offered 
>n  venient  opportunity  for  such  construction  without  heavy  expense. 
«  weir  was  made  perfectly  tight. 

1  order  to  correlate  the  measurements  at  the  Mount  Morris 
fraulic  Power  Company's  dam  with  those  of  the  weir,  two  observa- 
8  a  day  were  taken  at  each  place,  nearly  at  the  same  time;  that 
say,  they  were  both  taken  by  the  same  man,  who  passed  imme- 
ely  from  the  weir  to  the  dam  and  vice  versa.  Observations  on 
^v^eir  were  obtained  up  to  a  head  of  4  feet,  and  the  corresponding 
^^rge  computed  with  the  proper  allowance  for  velocity  of 
'<Z)ach,  etc.  The  depths  on  the  Hydraulic  Power  Company's  dam 
^spending  to  the  given  depths  on  the  weir  were  so  plotted  on  the 
■:^am  as  to  give  at  once  the  relation  between  the  flow  at  the  weir 
the  depth  on  the  crest  of  the  Hydraulic  Power  Company's  dam. 
^xoceeding  in  this  wa)'^  the  dam  was  accurately  rated  up  to  a  dis- 
:^e  of  5,000  cubic  feet  per  second.  For  discharges  be^^ond  5,000 
^3  feet  per  second  the  original  determination  has  been  used.  An 
^rision  of  the  plotted  curves  shows  that  some  little  distance  above 
^  cubic  feet  per  second  discharge  the  results  of  the  two  methods 
"^substantially  the  same.  The  two  curves  crossed  at  the  point  of 
-^t  6,000  cubic  feet  per  second  discharge.  For  discharges  above 
CK)  or  15,000  cubic  feet  per  second  there  is  probably  an  error  in 
Results  of  from  5  to  10  per  cent.  Below  5,000  cubic  feet  per  sec- 
it  is  believed  that  the  results  are  now  accurate  within  2  or  3  per 

b.    Francis's  formula,  Q-=  3.33  L  112  has  been  used  for  the  weir 

fc^putations. 

lie  measurements  taken  previously  to  the  construction  of  the  weir 

L  the  rating  of  the  dam,  as  aforesaid,  have  all  been  corrected  to 

:form  to  the  new  determinations;  hence  all  the  data  of  the  Genesee 

^urements  of  this  table  may  be  considered  as  accurate  within  the 

its  stated. 
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Discharge  measurements  6f  Gtonesee  River  have  also  been  kept  for 
the  last  three  years  at  Rochester,  where  the  drainage  area  is  aboot 
2,400  square  miles.  Fi*om  data  obtained  during  the  summer  of  18dS 
it  was  apparent  that  these  measurements  also  require  a  correction ii 
order  to  give  the  approximate  true  flow  of  the  stream  during  the 
period  covered.  Without  going  into  detail  it  may  be  stated  that  the 
Rochester  measurements  in  the  following  t^ble  give  the  correctd 
results,  which  are  now  probably  accurate  within  from  5  to  10  pir 
cent: 

Comparison  of  the  measurements  of  Oenesee  River  at  Rochester  trith  those  atUcnt 

Morris  for  the  water  years  1S9^  to  1896^  indusive. 

[In  cubic  feet  per  second,  and  with  yearly  means  also  in  inches  on  the  fratersbed] 


189i 


18S6. 


Month. 


As  per 


Cor- 


record.rected. 


December 3,914 

January 2,841 

February 2,584 

March 6,008 

April 6.646 

May I  eaiu 

June L*.{«51 

July I,0o5 

August U73 

I  1J>.'0 

8ei)teml:>er  l.(VU 

OotolKjr '  1.2e« 

November 1 .  7^2 

I  ,  -^, 


Year    :t.(if<8 

IiK'heson  watershed.      11*.2(» 


3,914 
2,841 
2,5H4 
6.008 
5,646 
6,:XH 

h,57e 

2.800 

732 

UU2il 

l.rtoo 

i..T.;.- 

2,  ICM 

IS.  :i") 


Bsti-     I 
mated  i 

mea8ure-;±;jPrr 
ments  at  »*<^"*- 

Mount  ' 
Morris,  a 


4,797 
2,867 
1.9&4 
6,7M 
7,172 
9,060 


1,458 
1,619 
977 
4,085 
8.088 
1.309 


18Mw 


.    Esti- 
mated 

measure- iilSS^ 
ments  at  '«»«»• 

Mount 
Morris,  a 


/J.*?;  I    2,099 
2,321  885 


292 
442 

1.9G3 

«I9 

1.729 

8.:J7(» 


645 

tJOO  ' 
72S  ' 
407 
366 
834 


1,856 

1,335 

495 

3,965 

4,257 

885 

1,9S8 

283 

2K 

254 

221 
230 
993 


1, 

1.645 

S,7QS 

3.7: 

<t 

1,576 

S,t81 

1,317 

854 

585 

^*?7 

.124 

2,271 

993 


1,700 
1,40D 
2,708 

1,800 

3,0SU 

1,000 

645 

440 


v.i  ;{s 


i.;»4 


1,116 


1.163       2.174 


';:■•? 


240 

2.(0) 

745 

1,1)0': 


2.ni 
IN 

lis 

7.12 
K 

» 

41« 


5.'.' 


3.  as: 
i.» 


1.951 


6.41 


O.tt; 


12.48       11.31 


E 
I 


(jlncreiised  in  i)roportioii  to  increa.sed  drainage  area  at  Rochester. 

As  interesting  (lata  from  Genesee  River  measurements,  we  may  dis- 
cuss the  flood  of  May  20-L^*J,  ISIU,  at  whieh  time  the  approxiniaie 
discharge  of  the  stream  at  jNIount  Morris,  from  a  drainage  area  of 
]  JJ70  square  miles,  was  as  follows: 

Discharge  of  Genesee  Rirer  at  Mount  Morris  (hiring  the  flood  in  3Iay,  18^. 

Cubic  feet 

May  18.  7  a.  m ^X^ 

Mayl8,np.iu 3,,).^. 

May  19,  7  a.  m 5  5:^1 

May  19,  G  p.  in 50.*. 

May  20,  7  a.  in. Hj  .>^i* 

May  20,  V2  in ^>il:lli> 


DiaCBABtiE  OF  GE^EZs-EZ    ! 


'"'iKofGtHti^  RinratM.-^ 


Mm.r  20.  8  p.  m    - 

OmtSU  Ta.m 

lmf~i-    la  m 

ilay^l.  «p.n, . 

««y2^.  -^  ^  ^ 

>tay^^  Vim 

luy^-  ap.ni 

lUJ  ^^,  13  ra 

lUy^-8,Km    . 

Il»y34,:a.ni     .     

T^V  lotal  riiutiff  fmui  7  a.  :-.  •■'  > 
•^n  the  moniiD^  of  May  il  :h-  ^«* 


■°ii!nrv!nTVir^:r.'iri'-rr--.-.'--.-T -".—■■-   r.  .-:  rJ  ^  -  ?.  -    ■ 

C";;';'  "     ■             ,;,  i 

'     T 

—  — 

T.OM 

'      Tr- U 

-. 

-q~ ■       ■  ■  -1 — 1- 

■■ 

— ~ti — r 

1 

;    :  1    .        : 

ill    ■ 

1.  1 

IkU 

1 

:_:. 

S,..- 

— 

p/ 

'     ! 

hH 

b 

'    ' 

::: : 

lUX 

.i 

^ 

ykj 

bt 

mJ 

^^kt 

ii 

1 

tii— 

i 

-•A- 

2.— IHicbarKe  nl 


Genesee  River  «nil  Caiiasfiai^a  tit'ck.  Ih-iwooh  DjitisvilU',  SIoiiiil 
Morris,  ami  Kocliester,  ami  whicli  havv  an  aiva  of  iVom  iin  to  sn  siiuarc 
miles,  w«'re  nearly  flui>il<'<l.  in  soini'  lontlilii-s  t<i  a  ilvpili  of  from  1  to 
il  feet.  On  aecount  of  iho  laryr  ixonla^i-  liy  tlicso  llnt>.  aitlimi;:U  itu- 
inHxitniini  riin-olT  at  .Mcnint  ^lorris  was  IJ.di")  ciiliic  f<-i>|  per  sci-ond 
at  :5.^Ua.  ai.  on  the  momiit^'  of  .May  I'l.  at  HiK-lit-strr  t)ii<  niaxiiniiin 
flow  dill  not  al  anytime  fXi-ecil  alwint  l'c.ikhi  ciibic  fret  [h-i-  wccdhiI. 
We  have,  then,  a  cahc  whcti'  a  larjre  iiomla^e  iia»,  hy  iirolon^riiiH  I  lie 
time  of  nin-off,  mmlilicd  a  flood  flow  ovit  .'ih  pi'i-  cciil.  As  fiirlluT 
illustPalintr  thi'  cITecl  of  a  lar^rr  n>si>rvoii-.  or,  wltal  is  ilt<-  sam.'  Iliiii;:, 
the  effect  of  a  larp-  pond  aiva  in  nio<lifyin};  lliv  dfii-t  of  an  <>\lri'iiii> 


74 


WATER  RESOURCES  OP  STATE  OF  NEW  YORK,  PAbT  1 


flwMl,  refei'oiK-t'  may  be  made  tn  fig.  ■],  in  which,  with  time  na  »Wi»ai 
and  nin-oflf  as  onliiiates,  the  rim-oflf  record  of  Genesee  ftiMr  I* 
May  18-24,  18!)4,  has  been  plotted.  The  lower  curve  of  tliat  fcw 
may  Ije  taken  as  representing  approximately  the  law  of  th.-  riiii-ifTit 
any  generally  distributed  heavy  rainfall  on  the  catchment  in'.i  ■'(  h- 
stream.  In  making  this  statement  it  is  not  overlooke-l  ih:\\  ili"l 
flows  at  other  seasons  of  the  yeai'  may  diiler  somewhat  in  ttiei]'  nhn> 
ment  from  that  of  May,  1894.  Inasmuch  as  the  rapidity  aad  taleosiI]r 
of  the  run-uff  of  any  given  stream  depend  largely  ujion  the  topt^r^kj; 
the  statement  may  be  made  that  the  general  law  of  movemeDi  i 
floods  in  Genesee  River  is  indicated  by  the  lower  cunt  nf  ft;'  l 
.With  this  understanding  we  may  assume  any  other  ruD-ofC  Hrniiut- 
struct  the  approximate  curve  by  drawing  it  generally  parallel  rn  ife 
curve  of  the  actually  observed  case.  In  this  way  the  upjier  (iiric<i[ 
fig.  3,  representing  the  curve  of  a  flood  one  and  one-half  ti  iiit^'>  ;.'M>r 
than  that  of  Maj~,  1894,  has  beeu  produced,  slight  irr^ul&niierii;[ilr 
lower  curve  having  been  neglected  in  projecting  the  upper  one 


1 

1 

\ 

■' 

1 

j 

/ 

\ 

1 

1 

j 

1 

^ 

^1 

j] 

« 

1 

/!'? 

v 

\ 

;S 

"^- 

\ 

\ 

i 

'A 

'■i 

4> 

^ 

^ 

rt 

- 

=^f 

' 

^ 

-T--Tn: 

-  Flwiti  Huw  or  ti 


r,  May  1»-S4.  l»il. 


A  llijoil  Hiiw  unt-  and  (im-lialf  times  hm  great  a.s  that  of  Miiy,  I'^-'t. 
wliicli  culminated  in  a  maxiiiiuiii  of  alxiiit  42,0()(i  eubi*.-  feet  iK-rijrv- 
onii  at  l'.:!0  a.  in.  "f  Mjiv  :.'1,  jjives  a  maxim  urn  of  (i.(,(X)(i  i-ubicfeetiwr 
second,  tlie  movement  of  wliicli  would  be,  under  the  ass u nipt itius, 
substantially  as  in  llie  u[)pt-r  curve  of  fig.  A.  .\s  to  the  proU-iIiiliiy 
iif  a  maximum  flood  ((f>w  of  i'i;i,(Htfi  <-iibic  feet  per  second  on  the  ui>i»>t 


Genesee  liraiuajre  area,  the  c 
may  bo  ciled,  where  ;i   IIihk: 

Genesee  would  give  a  jwssib 
poi-  second. 

(ieologically,  the  drainage  ai-ea  nf  (4enesee  River  above  Mmm 
Miirris,  tlic  point  of  n\eiisvuvi\\(!\H ,  lies  in  the  .■»)iales,  sandstones,  eti, 
"f  the  /'ortage  and  (.'hemung  \;v«v\v':i.    \\*  ^-sAttiwfeVit'^i^Ns.-^j^^if^.y.mi 


of  the  neighboring  t'benmng  Rim 

i)\Y  ..f  i;7. 1  cubic  feet  per  se<*on(l  [W 
ss;f.  Tliis  figure  applied  to  the  u|>i>^i 
iiaxiiuinn  run -off  of  71,lii;  cubii-  ft* 
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Pennsylvania  line  issue  from  the  lower  Cartoniferons.  Gen- 
he  soils  throughout  the  whole  basin  are  hea\7'  and  tenacious, 
g  to  clay.  Their  capacity  for  absorbing  an«l  retaining  water 
herefore,  be  considered  as  small. 

DISCHARGE  MEASCREMENTS  OF   HEMLiK'K   LAKE. 

urements  of  the  run-off  of  the  Ilenilock  I^ke  drainage  area  for 
er  years  1880  to  1884,  inclusive,  were  made  by  the  Rochester 
rorks.  Hemlock  I^ke  lies  at  an  elevation  of  8%  feet  above 
id  has  a  length  of  6.5  miles,  with  an  average  width  of  about 
mile.  The  area  of  the  surface  at  low  water  is  1,828  acres.  The 
ainage  basin,  including  the  area  of  the  lake,  is  27,554  acres,  or 
3  square  miles.  The  shores  are  bold,  and  on  the  east  side  rise 
ght  of  several  hundred  feet  alwve  the  lake  in  a  distance  of  2 
les.  At  the  head  of  the  lake  there  is  a  swamp  of  118  acres, 
y  covered  at  high  water. 

Kitflow  of  the  lake  during  the  ix*ricxl  cr>vered  by  the  measure- 
neluded  in  the  following  table  may  Ix*  considered  as  having 
>lace  at  three  points:  (1)  At  the  natural  outlet  of  the  lake; 
n  artificial  channel  through  which  water  was  di.scharged  at  will 
benefit  of  the  millers  on  the  outlet;  and  (3)  through  the  con- 

the  Rochester  waterworks.  The  run-offs  given  are  the  sums 
3  several  outgoes.     In  order  to  determine  the  outflow  of  the 

outlet,  a  weir  was  constructe<l  and  the  discharge  observed  at 
it  heights  of  the  lake  surface.  The  discharge  into  the  artificial 
I  was  through  8ubmerge<l  orifices  of  known  dimensions,  and  has 
)mputed  from  standard  formulae  for  the  discharge  of  such 
,  the  size  of  the  openings  and  the  <liffereiice  of  level  of  water 
s  above  and  below  l>eing  known. 

iischarge  of  the  conduit  of  the  Rochester  waterworks  is  as 
ed  from  standard  formula*  for  discharge  through  pipes.  Meas- 
ts  made  by  the  author  and  others  during  the  last  few  years 
lat  the  computed  quantities  passing  through  the  conduit  were 

from  correct.  As  a  whol^  it  is  l>elieve<l  that  the  Hemlock 
jsiilts  are  accurate  within  from  o  to  s  per  cent. 
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L    1^ 


IToler  dranm /him  fliHRloA  £afc»  A^  Ifec  101^ 

Pb  tedkw  oa  tti  wwhMihid.] 


MbnttL 


Pdlmuuy. 

]fatf€i&..... 

ApiH 

Ifagr 

JmM 

July 

August. ... 

• 

DcptoniiMtr 
October... 


+0.39 

+0.87 

+a46 
-a  15 
-a  30 

-L18 
-1.57 
-I.M 
— I,W 


-a  48 


ML    dimwa. 


La7 
L45 
1.47 
l.» 
a.OB 
«.» 
LOS 

hm 

t.4S 
7.« 
L85 
0.55 
a86 
6.0$ 


a.w 


au 
aio 
ai5 
au 
ai7 

0.M 

aso 

0.41 

aso 

i.lf 

o.a 
asi 
aoo 


ao7 


7.14 


tf.SO 


«.« 


18.50 


aOL4 


al7.0 
aOLO 
a45.7 
7L0 
JI.9 
70.5 
77.1 
74.4 
78.0 
00.7 
00.4 
07.1 
50.4 


6L0 


ISBL 


•^LS5 
-4.47 

+L80 

+i.«r 

+LS5 
+01 10 
+1.00 

•HKOI 


-HKiS 


-asi 
-a  71 

-Oi7i 


+0.01 


Bain- 
ftdO.  khw 


■■HI*  I 

disviJ 


0.14 

LOO 
LOO 

aoo 


0.71 
0.10 
0.71 

aoo 

7.79 
L30 


LOl 
7.77 


01.07 


aoi 

0144 

a54 

L70 
LM 
LU 
5.55 
0.70 

aa 
aoo 

1.05 

aso 
as5 
a45 

1.14 


0.50 


Jin 


s.m 


§.a 


15.9 


i**. 


a  InterpoUted  from  avermge  of  fifteen  srears. 


h  .-. 


Month. 


December. 
Jannary... 
February  . 

March 

April 

May 

June 

July 

August 

September 
October  ... 
November 

Year. 


1882. 


Mean 
month- 
ly ele- 
vation 
of  lake 
sur- 
face. 


Rain- 
fall. 


-0.06 
+1.68 
+1.39 
+1.87 
+  1.61 
+1.61 
+7.59 
+1.46 
+0.81 
+0.15 
•^.80 
-0.44 
-0.99 
-1.38 
-0.9U 


1.08 
1.07 
1.47 
2.49 
6.29 

2.  .31 
1.42 
2.17 

fKW 

1.78 
1.00 
1.41 
U.IO 


+0.61  I    ^.46 


Water 
drawn. 


I 


I 


Bain- 
fall, 
less  the 

water 
drawn. 


0.06 
2.04 
1.40 
2.82 
1..53 
1.74 
10. 10 
1.85 
0.62 
0.41 
S.88 
Q.^i 
0.65 
0.36 


0.18 


.3.0* 


s.7r» 


Tem- 
pera- 
ture. 


89.8 
29.4 
87.0 
38.7 
48.5 
67.4 
U.8 
71.9 
78.0 
76.8 
7o.C 
89.4 
61.4 
41.8 

r>7.  r> 


1883. 


Mean 
month- 
ly ele- 
vation 
of  lake 
sur- 
face. 


—LSI 
-L58 
+O.06 
+0.05 
+L87 
+1.S0 
■ho.  18 
+1.38 
+  1.28 
+0.64 
-hi.  20 
+0.25 
+0.07 
+0.17 
+0.16 


14.51  I    10.95  ,      54.2  ,  +0.41 


Rain- 
faU. 


0.91 
0.84 
8.U 

ago 

0.48 
9.54 
17.75 
4.50 
2.13 
2.88 
9.51 

2.m 

1.62 
2.  OS 
6.00 


33.24 


Water 
drawn. 


0.19 
a  21 
0.28 
a88 
1.58 
2.59 
S.SS 
LOS 
LOS  _ 
0.45  i 
S.18  I 
0.21  i 

ai9 

0.58 


Bain- ; 
falL     1 
lenthe  p 

water   t 


drawn. 


9.29 


It.  SO 


6.5S 


5.ia 


a.» 
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dim/rom  Hemlods  Lake  for  ike  water  fran  JSSO  to  /A?4.  ff^.— Cont'd. 


l-«4 


Mootb.  X< 

ithly 


Bain- 

eleTB-'      Bain-        Water      ._^,.,  Temper. 
tkMior        falL        dravn.     ^r#I-r     atore. 
lake 


-0.44  2.01  0.M  31.0 

.      -0.4«  1.78  l.«l  U.7 

-l.a«  2.17  *TO  dot 

-1  4:  il*  2.71  ao.5 

-L56  2.21  1.47  «.7 

-l.«  3.39  l.m  66.7 

-i  li  l^CS  10.  U            yS3  55.5 

-1.01  2.44  0.75     70.4 

-O.W  3.»  0.37  6B4 

-4)27  1  ft?  0.34  108 

— 0.«  T.S^J  l.K            <J.14  ©.!> 

I    -4).a»  2.34  0.71  1  e6.9 

— 0  7u  1.34  0.9)  K.3 

-1.17  1.01  0.18  »» 

—0.:/  4.^  i.<»            5.A>  5J.7 

I- 


-^»55  38.74  12.57  14.17  4H  9 


ainage  area  of  Hemlock  Lake  is,  as  stated,  27,554  acres,  and 
of  the  lake  itself  at  the  elevation  itO.O  is  1,828  acres;  hence 
mrface  is  6.6  percent  of  the  total  drainage  area,  or  the  drainage 
\.  1  times  the  area  of  the  lake  surface.  On  this  basis  1  inch  on 
B  area  is  15.1  inches  on  the  lake.  Taking  into  account  these 
ts,  it  is  clear  that  the  data  of  the  table  give  approximately 
ral  run-off,  although  for  exact  figures  corrections  for  actual 
IS  of  lake  surface  at  the  beginning,  as  well  as  at  the  end  of  each 
uld  be  applied.  On  this  i)oint  see  the  discussion  on  the  mini- 
V  of  Hemlock  Lake,  on  pages  92  and  03.  Geologically,  the 
Lake  Basin  proper  is  in  the  Hamilton  and  Marcellus  shale, 
hills  at  the  side  rising  into  the  rocks  of  the  Portage  group. 

)ISCHARGE  MEASUREMENTS   OF   SKANEATELES  LAKE. 

jasurements  of  the  run-off  of  Skaneateles  Lake  drainage  area, 
in  the  following  table,  have  been  made  by  the  Syracuse 
•ks  over  a  dam  at  the  foot  of  the  lake  or  over  a  weir  a  short 
below  since  October,  1890.  Previous  to  1886  this  lake  was 
3ipal  feeder  of  the  Jordan  level  of  Erie  Canal,  but  in  that 
ico  and  Owasco  lakes  were  also  made  feeders.  The  Skane- 
ke  dam  was  reconstructed  0  feet  high  by  the  State  in  1887, 
S93  was  again  rebuilt  by  the  Syracuse  water  board  with  its 
2  feet  higher  than  the  crest  of  the  old  dam.  The  area  of  the 
rface  of  Skaneateles  Lake  is  12.75  square  miles,  and  the  area 
atershed,  including  the  area  of  the  lake,  is  73  square  miles. 
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The  elevation  above  tide  1b  867  feet.  The  lake  lisB  in  a  d«qi  tiB^ 
with  bold  shoreB  rising  several  hundred  feet  at  either  ride.  Tlt| 
uree  given  in  the  following  table  do  not  Tepresent  in  any  dcfntll 
natural  mn-olf  of  this  drainage  area,  but  merely  the  mter  yidlA 
log  the  years  indicated,  in  vhioh  there  vas  large  atorage. 

In  March,  1895,  the  city  of  Syracuse  began  to  draw  water  dmi 
its  new  conduit  to  Skaneateles  Lake.  Since  that  time  G»  na 
l^ven  In  the  table  are  the  quantity  flowing  in  the  outlet  as  mcMi 
on  the  weir  located  at  Willow  Glen  plus  Oie  outflow  through  thtt 
duit.  Previous  to  March,  1896,  the  reaolts  are  from  measuzemeid 
the  dam  at  the  foot  of  the  lake.  The  earlier  reenlts  are  pM 
affected  by  errors  of  from  12  to  15  per  cent,  while  the  latter  an  p 
ably  accurate  within  from  2  to  5  per  cent.  Geologically  the  dnii 
badn  of  Skaneateles  Lake  is  in  the  Hamilton  group  of  rocks. 

Water  draum  from  and  monthly 

ittdieaUdfor  the  uoter 
[Wat«rdn«mtii 


ttf  ShOMtaUba  lAke  for  iht  ■ 
iwar*  1890  to  1897,  fMehMfw. 


JQbc   Jul.  Feb,  ttor.  Apr.  Mkj.  Jdiw.  Jul;.  Adb-  Sept.  OeL  jHai. 


taoe.. 


.«-*.«  -e.a+aa  faa^an  44.n'-fo.M-a4t-i.89-L«  -it 


i.n   I.I 


Wmter  drawn... 
W: 

Heaa  lake  aor- 

tace 

Water  drawn... 
V&: 
Mean  lake  sur- 
face - 

183: 
Hmn  lake  anr- 

faoe 

Water  drawn... 
»4: 
Mean  lake  Bar- 

tace 

Wiitar  drawn... 
M: 
Mean  Uke  nir- 

r«OH I- 

WaterdrKwn...| 

m: 

Hhui  lake  snr-  | 

Water  arasfn..,' 

«7: 
HiwD  lake  anr. 

face -B.ri-t.ia— *.»-*.  m|-3.«. 

WfttordrawD...     1.30     l.ai'    1.08     l.De!    0.38 

a  (ntenMl*t«d.   Ho  noord.   Mean  of  preceding  and  followlnit  montba  tuwd. 
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DISCHARGE  MEASUREMENTS  OF  HUDSON  RIVER. 

leasurements  of  the  flow  of  Hudson  River  have  been  made  over 
dam  of  the  Duncan  Company,  at  Mechanieville.  In  1887  this 
iipany  began  dail)"  measurement  of  the  amount  of  water  flowing  in 
dson  River  at  their  mill.*  With  the  exception  of  one  or  two  days 
8  record  has  been  kept  for  every  working  day  since  October  1, 1887. 
record  has  also  been  kept  of  the  number,  size,  and  kind  of  turbine 
ter  wheel  in  use  for  the  same  period.  The  Duncan  Company  placed 
this  material  ai  the  disposal  of  the  survey  of  the  Upper  Hudson 
lley,  of  which  the  author  has  had  charge,  thus  enabling  him  to 
npute  the  mean  daily  flow  of  the  river  for  each  working  day  from 
tober  1, 1887,  to  November  30, 189G.  The  flow  of  Sundays  and  hol- 
kys,  when  no  observations  were  taken,  has  been  assumed  as  a  mean 
;ween  the  preceding  Saturday  and  the  following  Monday,  etc.  The 
m  is  a  substantial  structure  of  masoniy  IG  feet  high,  with  a  length 
794  feet  between  the  abutments.  The  crest  is  stated  b}'  John  R. 
ley,  the  constructing  engineer,  to  be  perfectly  level,  and  from  all 
it  can  be  learned  it  appears  that  the  daily  observations  have  been 
cen  with  such  care  as  to  leave  no  reason  for  doubting  that  this  is  a 
rly  accurate  exhibit  of  the  daily  flow  of  the  stream  for  the  period 
rered.  This  record  is  therefore  considered  to  be  accurate  within 
in  5  to  8  per  cent. 

The  greatest  depth  on  this  dam  in  the  nine-year  period,  1888  to  1896, 
lusive,  occurred  May  5,  1893,  when  the  gage  showed  a  depth  of 
i  feet  and  the  mean  flow  of  the  da}^  was  over  53,000  cubic  feet  per 
and.  The  drainage  area  of  Hudson  River  above  the  Mechanic- 
e  dam  is  taken  at  4,500  square  miles. 

Ixperience  in  flows  over  dams  of  this  length  and  with  depths  as 
at  as  from  7  to  8  feet  is  as  yet  rather  limited  in  this  country,  and 
question  was  raised  as  to  the  best  method  of  computing  the  dis- 
rge  for  a  case  like  the  one  under  discussion.  The  engineers  of  the 
lish  Gk)vemment  in  India  have  had,  in  connection  with  their  large 
gation  works,  perhaps  more  experience  in  this  class  of  measure- 
it  than  all  others  combined,  and  the  formulae  used  by  them  appear 
re  rational  in  form  than  those  commonly  used  in  the  United  States 
such  computations,  and  after  some  study  it  was  decided  to  use 
se.  As  many  American  engineers  may  not  be  familiar  with  these 
mulae  they  are  here  reproduced.     They  take  the  following  form- 

Q  =  t  LC  Vl><;</^  (1) 

wrhich — 
=  the  discharge  over  a  thin-edged  clear  overfall,  in  cubic  feet  per 

second, 
a  the  length  of  the  dam  in  linear  feet. 


I  Annnal  Report  of  the  Sfcate  EDgineer  and  Surveyor  ot  "Sew  XotV  Y^^,  V-^^- 
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C  =  coefficient  depending  for  its  value  ou  (/, 
<y  =  acceleration  of  gravity  =  32.2, 
(7  =  depth  on  crest,  in  linear  feet. 

E<iuation  (1)  may  also  take  the  fonn — 

Q  =  5.:J5LC  V<P.  (ii 

To  lind  C  for  different  values  of  rf,  we  have — 

c  =  1  -  ( l!J^-(Mi«  + lO^.  (?, 

This  gives  a  series  of  values  of  C  corresponding  to  ch  For  instance, 
for  d  =  0.25  foot,  C  =  0.651 ;  for  d  =  0.50  foot,  C  =  0.649,  and  won. 

For  a  wide-crested  dam  the  coefficient  is  further  modified  to  suit 
the  actual  width  of  the  crest.     For  this  we  have  given  the  expression- 

C  =  C  -  (  i^^--^^  (H  +  l)\  (^) 

in  which — 

H  =  the  width  of  the  crest  in  linear  feet; 

C  =  the  coefficient  for  a  thin-edged  weir,  eorrespomling  to  a  depth 

J,  as  per  equation  (3),  and 
("  =  tlie  adjusted  coefficient  corresponding  to  a  given  breadth  B  ari 
a  depth  d.^ 

In  the  case  of  the  Mechanicville  dam  we  have  a  stone  crest  7  f€»^ 
in  width  and  slightly  inclined  upstream.  The  width  of  the  river  .i 
short  distance  above  the  dam  is  considerably  over  8(>0  feet;  theilepi':! 
for  some  distance  back  is  from  H»  to  20  feet.  In  order  to  avoiil  a 
correction  for  vch)city  of  approach,  a  crest  was  assume<l  5  feet  wi-le 
and  values  of  C"  wore  comjiuted  on  that  basis. 

Having'  obtained  values  of  C  for  J  =  0.25,0.50,  0.75, 1.00,  1.l»o,  l.'-. 
1.75  f(»et,  and  so  on  up  to  s  feet,  corresponding  values  of  Q  werec<'n:* 
pute<l  and  plott(»d  at  a  larjxe  scale  as  a  curve  with  values  of '' ^j* 
abscissas  and  the  corn^spondin^  Hows  as  ordinates.  From  thi8cur^> 
intermediate  values  of  Q  have  been  read  off. 


'  The  mi'tlmd  nf  fl«Mlncink'  e<iuatinii»<  (:{i  ami  1 1  •  may  Ix?  found  in  Miilliu'»  Irriiration  M»35»- 
l>*mi.  pj).  11,  12,  1:K  l.'fi'.  171.  i:'J. 
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MuuluulcTille,  M«w  York,  U8S  to  1897. 


82 


WATER  RESOURCES  OF  STATE  OP  NEW  YORK,  PART  L       I>a2i 


Run-off  of  Hudson  River  at  Mechanicville  from  October,  18S7,  to  November,  1S96, 

inclusive,  (a) 

[In  cubic  feet  per  second.] 


Month 


December 

January 

February 

March 

AprU 

May 

Mean 11.S80 

June I    4,917 


July 
August 

Mean 
September 
October 
November 4, 190 

Mean 


[In  inches  on  the  watershed.] 


December . 
January... 
February  . 

March 

April 

May 

Total 

Jun«' 

July 

Aupust  - 

Total 
September 
()ctol>er  ... 
Novemb4?r 

Total 


l.(U 


2.06 

1.62 

0.89 

1.75 

5.30 

5.49 

17. (tn 
1  •» 

o.:j9 

0.44 

>.o..| 
0.71  I 
1.18  , 
2.CA 


U. 


2.57 
2.81 
0.88 
2.12 
3.39 


1.70 
1.47  \ 
1.09 

0.49 
0.% 
l.Ot) 


3.39 
2.89 
1.83 

2.a5 

3.73 
4.59 

lu.  ?*? 
I.k:^ 
0.50 
0.52 
2.H.- 
2.19 

2.:jfl 
2.215 

r,.  si 


0.83 
2.12 
2.70 
4.53 
4.97 
1.42 
IG.  r,9 
0.79 
0.60 
0.68 
^.07 
0.51 
0.38 
1.01 


2.27 
4.83 
2.22 

2.80 
5.35 
5.03 

-'-'.  oil 

3.08 
2.38 
1.41 


1.03 
0.82 
1. 00 
2.11 
4.44 
5.71 
u:.  ?r) 
1.19 
0.&5 
1.28 


1.70 
0.99 
0.90 

;7.  r>9 


1.10 
0.72 
1.89 

•^  11 


1.85 
1.73 
1.12 

3.7S 
2.7ii 
1.94 
13.  J'i 
1.76 
0.81 
0.© 

.;.  .^> 

0.47 
0.94 
1.58 

*.  r'9 


1.12 
0.90 

ae 

l.OP 
.V91 
1  To 

lies 
o.n) 
ii« 
i.fit 

.'.Aft 

0.* 

2.* 


13 

U 
LB 
3.« 
i9 
IB 

na 

IB 
0-2 

o.fl 

.'3 

an 
i.« 


1.*' 


Yearly  tr)tal i    2:J.(U       21.71       28.56       2o.5«)       :«.08       21.90 


19.37      17.46    » 


'•« 


a  Annual  Rei>ori  of  the  State  Engineer  and  Surveyor  of  New  York,  1K95,  pp.  107. 13^ 
DISCHARGE   MEASUREMENTS   OF   CROTON   RIVER. 

The  record  of  the  run-off  of  Crotoii  River  as  measured  attheoM 
Croton  dam  for  tlie  watei  years  1870  to  1890,  inclusive,  is  given  intbf 
table  on  pages  S:}  to  85.  The  watershed  of  the  Crotoii  consists  of » 
broken,  hilly  country  with  its  surface  soil  composed  principally  of  s^ri 
and  gravel.  (May,  hardpan,  and  j)eat,  while  found  in  a  few  looaliti<^ 
nre  for  tlie  whole  area  only  present  to  a  limited  extent.  The  mek  i> 
nmtion  consists  generally  oi  ^\\e\ss,  wXWxcyw^Vv^tvata  of  limestone.  >"^ 
nucacoout>  and  talcose  slates,  V\\.\\  xw\^  ol  ^\^\i\x^^%^x>^\cs:\\.^.A^B^ 


I- 


\ 


«.] 
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>re,  oocnr  in  a  few  places.  The  drainage  area  lies  almost  entirely 
e  State  of  New  York,  only  a  small  portion  being  in  Connecticuc. 
lounts  to  about  338  square  miles  above  the  old  Croton  dam  and 
0  square  miles  above  the  new  Croton  dam  under  construction, 
main  river  is  formed  by  three  branches,  known,  respectively,  as 

Middle,  and  West  branches,  which,  rising  in  the  southern  part 
utchess  County,  flow  south  through  Putnam  County  and  unite 

its  south  boundary.  The  river  then  flows  across  Westchest^i* 
ity  to  Hudson  River,  into  which  it  empties  at  Croton  Point,  about 
liles  north  of  the  city  of  New  York.  The  principal  tributaries 
'  from  East,  Middle,  and  West  branches  are  Kisko,  Titicus,  Cross, 
Muscoot  rivers.  The  monthly  and  annual  rainfall  of  the  Croton 
rshed,  as  well  as  the  run-off  of  the  water  years,  from  1870  to  1896, 
sive,  are  given  in  the  following  table.  The  average  annual  rain- 
br  this  period  was  48.10  inches  and  the  run-off  24.05  inches.^ 

^all  and  run-off  of  Croton  River  drainage  area  from  1870  to  1896,  inclusive, 

[In  inches  on  the  watershed.] 


1870. 

1871. 

18: 

•2. 

1873. 

1874. 

1875. 

nth. 

Rain- 
fall. 

5.96 

Rnn- 
off. 

3.07 

Rain 

fall. 

1.49, 

Run- 
oflf. 

0.64 

Rain- 
fall. 

2.59 

Rnn- 
oflf. 

Rain- ' 
fall. 

3.68  ' 

Run- 
off.   1 

1.45 

Rain-    Run- 
fall,      oflf. 

4. 13      3. 38 

Rain- 
fall. 

Run- 
oflf. 

ber-... 

2.11 

1.78 

0  98 

T 

4.51 

3.99 

3.80 

0.59 

1.44 

2.08 

5.66 

4.29 

6.96       8.22 

2.74 

0.65 

iry  .... 

6.40 

4.28 

3.81 

1.22 

1.25 

3.09 

1.72 

2. 78       2. 79 

3.47 

4.09 

3.80 

3.56 

4.27 

3.52 

2.59 

1.75 

3.08 

4.03 

1  57       3.03 

4.99 

3.24 

m   m    m    m     •     «•* 

5.45 

4.11 

3.01 

2.02 

3.04 

3.11 

3.77 

7.12 

6.31       3.63 

3.04 

5.58 

2.30 

1.86 

3.45 

2.06 

3.69 

1.29 

2.91 

2.19 

1.99       3.19 

1.08 

1.86 

SS.t^ 

20.87 

19.83 

11.01, 

n..'7 

11. '>9 

*i.  19 

20.80 

;.M74     ^U.-2U 

17.10 

10. 1*0 

2.06 

0.83 

5.73 

1.43 

4.00 

1.22 

0.71 

0.54 

3.57      0.92 

3.02 

0.59 

3.43 

0.51 

5.07 

0.73 

4.34 

0.61 

2.21 

0.49 

5.98       1.43 

3.10 

0.58 

t 

5.10 

0.51 

6.24 

0.85 

5.90 

1.64 

5.73 

0.71 

2.75  :    0.89 

10.33 

5.80 

io.r,9 

1.85 

10.0!* 

8.01 

11*.. 33 

3  U7 

8.05 

1.7U 

i:.3(j  '    3.2U 

JO.  1*5 

0.97 

iber . . . 

2.85 

0.35 

1.44 

0.63 

3.69 

1.25 

3.73 

0.52 

3.56      0.58 

2.11 

0.90 

T 

4.73 

0.42 

6.18 

1.92 

2.15 

1.13 

5.13 

1.45 

2.40      0.81 

3.61 

0.85 

iber  ... 

2.51 

0.62 

4.35 

3.41 

4.91 

2.67 

3.72 

1.81 

2. 72      0. 74 

!    4.61 

2.06 

10.09 

1.30 

11.97 

5.00 

10.  75 

5.05 

12. 58 

3.7^ 

8.  08       2.  13 

10.33 

3.80 

otel... 

40.10 

24.11 

47.84 

20.01 

39.ft5 

20.11 

43.42 

26.J32 

44.  ?2     29.61 

43.88 

27.17 

Weermam^s  History  of  the  Water  Supply  of  the  City  of  New  York,  Chap.  IX,  The  Croton 
had. 
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Rainfall  and  run-cf  of  Croton  River  drainage  area  from  1870  to  JS96,  etr.-OmO. 

ISTS. 

ini. 

1878. 

isn. 

1» 

-    1 

Month. 

RBtn- 

B„-    ^ 

& 

?,"■ 

Raln- 

(•11. 

Buu- 
oll. 

Baln. 

full. 

^.■' 

» 

^- 

E^. 

ft- 

DecMntar.- 

l.U 

l.ftt     s 

3G 

1,10 

l.ffi 

1-87 

B,74 

7.23 

4,2H 

208 

at 

JMUary 

1.12 

l.W      2 

IH 

0.84 

4.49 

S.K 

3.  S3 

1.4.'> 

4,00 

2.ra 

■til 

«1 

Pebnuiry  ... 

3.85      1 

3,84 

a.w 

S,«i 

3,«e 

2.» 

iHI 

u 

Miavh 

«.Xi 

Mfl      - 

M 

3,10 

3.0S 

408 

4,30 

4.M 

ioi :  «,U 

« 

AprU - 

4.t3 

fl.W      £ 

^ 

2.88 

t.tt 

5,10 

5.12 

3.90 

2.00  1   LB 

u 

tt.ei. 

en 

tlM 

wu.ai 

w-M  a.ct 

mi 

8.i2 

La) 

0.S5      ( 

a.ui    2 

OS 

0,SI 
0.40 

4,28 
2,88 

0.74 

5,96 

0.N     Hi 

o.a2    i.Ti 

41 

If 

August 

3.80 

Seplsmher.. 

6.a 

0.87      : 

411 

UB4 

8.8] 

2,13 

343 

100 

2,80 

0.S0     i^ 

U 

1.B0'  aas    1 

3.25 

a,G]    3.ts    II 1 

NoTomber  ., 

B.M      0.T1      8 

18 

4,18 

2.09 

2,4S 

0.82 

2.B7 

a57|  ..»   i<l 

Total   .. 

33.^     ^.88     40 

m 

21,74 

40,  BJ 

33.98 

»» 

28,37 

40,28 

17.01  |tt9|»j 

1^ 

via. 

44. 

18SS,                   1888         '        IW       1 

MODtb. 

H»ln- 

Run-    Ri 

t 

Bnn- 

atf. 

K<ttD- 

"X 

Bulii- 

Bun-    RiUn. 
off.       IbU, 

«oS?-|W 

7 

December... 

B.fi3 

1.73      2 

AH 

1,29 

S,4f, 

0.04 

7,M 

3,;»,    SIM 

J. 3 

l» 

^'40      3 

S,0? 

2.14 

5,  SB 

4,12      .^34 

3.43'   i« 

•» 

Pfbrunry  __.. 

5.1W 

4.123      a 

21 

a.  81 

8.31 

4,95 

4.00 

2.44       G.3J 

4.a<|  8.01 

11 

March  _ 

SOI 

l,E» 

2,06      3.88 

2.S0   m 

April 

i.ai 

H 

a,  13 

2,BK 

s,fln 

2.08 

1,51     3i;    u 

May  

e.itj 

2.a»    : 

M 

1.38 

4.  IB 

1,01 

2.44 

1.S8 

4.64 

2.15      II3!|    11 

1,1,*) 

17.6,1 

JJ.U 

SS.SS 

July... 

lE.iKi  1  aee     i 

sa 

o.ris 

140 

0.81    RK    :• 

Angust 

1,18 

7.85 

0-sa 

3,21 

0.58      7,«,  J» 

W.fll  1     -',01      (1 

M 

i,i;r 

).r.i« 

i.ia 

li.il      I.S9 

J«,71 

I,f'7      ».*      ■" 

Septoinlvr... 

u,:h    a^s     ; 

2.30 

O.Jl|   iSi'  •" 

October 

3.s\    a.n  1  1 

W 

u.ivi 

(I.S7 

5.W      0.58 

3,SK 

0.53  1    IB,  1* 

Nove,.il,,.r  ... 

I.UU 

0,W      1 

w 

0,«l 

4,87 

O.BB 

S.9)> 

2.10 

fl,i: 

13,  .1-' 

e,w    II 

^ 

J.m 

,'.SI 

a.g! 

S.ltl 

in.ir.      LSI     7,»'j_^| 

Total... 

f>9.l£ 

31.12     42 

%l 

1U,W 

411.  k; 

23.83 

4B.4U 

SI,  41 

47,1^     =3.41     »»|J»|t 
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nd  run-off  of  Croton  River  drainage  area  from  1870  to  1896,  etc. — GoDt*d. 


1888. 

1889. 

1890. 

1891. 

1892. 

1898. 

Rain- 
falL 

Run- 
off. 

Rain- 
faU. 

Run- 
off. 

Rain- 

faU. 

Run- 
off. 

4.55 

Rain- 
faU. 

Run- 
off. 

Rain- 
fall. 

Run- 
off. 

Rain- 
faU. 

Run- 
off. 

6.71 

2.48 

6.13 

5.26 

2.94 

3.71 

1.65 

5.65 

1.64 

1.11 

1.48 

.  •  • 

5.56 

4.01 

5.14 

4.41 

2.08 

2.34 

9.76 

6.84 

5.95 

5.07 

3.» 

1.70 

>  -  > 

5.07 

4.96 

2.33 

2.36 

4.94 

3.19 

6.02 

5.78 

1.22 

1.54 

4.60 

8.27 

... 

6.44 

4.69 

1.86 

2.10 

5.66 

4.72 

8.36 

4.87 

2.90 

2.10 

4.62 

7.21 

•  >  • 

2.68 

4.83 

4.42 

2.58 

3.08 

3.29 

3.77 

2.90 

1.06 

1.42 

3.55 

a67 

..  . 

6.27 

2.67 

3.22 

1.76 

5.74 

2.73 

1.86 

0.89 

5.74 

1.62 

8.18 

6.06 

Si.73 

tS.65 

23.10 

18.  U7 

fL3U 

f0.8S 

r7.98 

ft.  38 

tt.5U 

IS.  39 

tS.t5 

23,29 

2.00 

1.39 

4.51 

1.43 

3.56 

1.53 

1.81 

0.1B8 

3.84 

1.15 

2.43 

0.96 

•  •  • 

2.43 

0.67 

7.74 

1.63 

5.46 

0.71 

2.97 

0.40 

5.06 

0.70 

2.88 

0.40 

•  *  • 

6.87 

1.11 

2.90 

4.08 

4.70 

0.50 

5.61 

0.31 

6.12 

0.90 

7.06 

0.72 

11.30 

3.17 

15.15 

7.09 

13. 7S 

t.83 

10.39 

1.31, 

15.01 

t.75 

11.87 

2.03 

•  .  . 

10.  n 

3.11 

6.13 

2.27 

6.86 

2.04 

1.87 

0.38 

2.65 

0.51 

2.65 

0.58 

... 

4.80 

2.58 

4.85 

1.98 

7.63 

3.36 

2.15 

0.41 

0.92 

0.17 

6.42 

1.17 

.  •  . 

4.49 

3.04 

8.45 

5.29 

1.12 

2.09 

3.86 

0.64 

7.85 

1.58 

8.82 

2.08 

to.  06 

8.73 

19.1^ 

9.t^ 

15.61 

1 

7.1,9 

7.88 

1.1,3 

11. 1,3 

t.te 

12.39 

3.78 

— 

64.09 

a5.55 

57.68 

36.05 

53.67 

31.14 

46.25 

25.15 

48.97 

18.40 

49.51 

20.15 

h. 

1894. 

1895. 

• 

1896. 

Mean. 

Rainfall. 

Run-off. 

Rainfall. 

Run-off. 

Rainfall. 

Run-off. 

Rainfall. 

Run-off. 

5.34 
8.40 
5.01 
1.62 
8.07 
6.67 

25.11 
1.69 
1.75 
1.45 
l,.89 
7.49 
5.94 
4.44 

17.87 

4.12 

I.n 

2.15 
5.21 
2.44 
1.88 
17.57 
1.48 
0.45 
0.71 
t.6t, 
0.57 
0.75 
3.37 
U.69 

4.43 
3.63 
3.34 
1.88 
5.63 
2.41 
21.3* 
1.89 
3.95 
3.10 
8.91, 
1.16 
3.55 
2.91 
7.62 

2.57 
3.42 
1.04 
3.87 
4.22 
1.33 
16.1,5 
0.49 
0.44 
0.62 
1.55 
0.09 
0.40 
0.82 
1.31 

4.88 
1.52 
6.65 
8.20 
0.96 
3.09 

25.30 
3.79 
3.98 
4.56 

12.33 
6.50 
2.17 
3.96 

12.63 

1.30 
2.06 
4.33 
7.90 
3.05 
0.87 
19.51 
0.97 
0.86 
0.76 
2.59 
0.65 
0.88 
1.73 
3.26 

......  --.- 

w.u 

18.00 

12. 5U 

2.90 

12.12 

3.11, 

47.87 

24.90 

37.88 

19.31 

50.26 

25.36 

48.10 

24.66 

>ff  as  given  is  stated  by  A.  Fteley,  chief  eniarineer  of  new  Croton  aqueduct,  to  have 
;ted  as  far  as  necessary  for  the  storage,  and  accordingly  represents  approximately 
I  run-off  of  the  stream. 
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Evaporation  from  the  Croton  River  watershed  as  given  by  differences  between  rmV 

fall  and  run-off  in  preceding  table. 

[Inches  on  watershed.] 


Year. 

Decem- 
ber to 
May. 

Jane  to 
August. 

Septem- 
ber to 
Novem- 
ber. 

Total. 

Year. 

1 

Decem- 
ber to 
May. 

Jane  to 
Aaini^« 

Septem- 
ber to 
NoTem- 
ber. 

1^ 

1870 

7.55 

8.74 

8.70 

24.99 

1 

,  1885 

6.82 

12.12 

9.11 

M 

1871 

8.79 

13.03 

6.01 

27.83 

1886 

6.73 

8.74 

8.S( 

ftn 

1872 

2.98 

10;86 

6.70 

19.54 

1887 

6.21 

20.73 

198 

a.c 

1873 

1.39 

6.91 

8.80 

17.10 

1888 

9.06 

8.13 

11.33 

£.11 

1874 

a0.50 

9.06 

6.55 

15.11 

,1889 

4.63 

8.06 

9.94 

£• 

1875 

0.70 

9.481 

6.53 

16.71 

1890 

3.52 

10.89 

8-12 

&a 

1876 

a  0.02 

5.38 

8.65 

14.01 

1^1 

5.60 

9.05 

&45 

9.1 

1877 

2.23 

10.52 

12.37 

25.12 

1892 

9.15 

12.26 

9.10 

us 

1878 

4.69 

8.65 

9.00 

22.94 

1898 

1.90 

9.79 

8.61 

%M 

1879 

3.98 

13.92 

4.29 

22.19 

1894 

7.54 

2.25 

iai8 

ftf 

1880 

7.00 

8.95 

7.33 

23.28 

1  1895 

4.87 

• .  39 

6.31 

119 

1881 

8.53 
12.41 

5.86 

7.11 

7.68 

10.32 

7.39 

12.  H4 

9.37 

23.08 
32.03 
25.55 

1896 

I       Mean . . 

5.79 

9.74 

9.37 

Sl« 

1882 

1883 

5.44 

9.64 

8.S 

fti 

18W 

9.29 

10.39 

7.51 

27.19 

1 

a  During  this  period  the  run-off  exceeded  rainf aU. 

This  stream  is  nn  exceedingly  good  water  yielder.  The  minimnm 
jield  for  a  complete  water  year  for  the  whole  period  from  1870  to  1896 
was  in  1883,  in  which  water  year,  from  December  to  Xovember,  inclu- 
sive, the  total  run-off  was  1G.83  inches. 

Tho  Croton  watershed  contains  31  lakes  and  ponds,  many  of  which 
have  been  utilized  as  natural  storage  basins  by  constructing  dams  at 
their  outlets.  The  following  tabulation  gives  the  entire  natural  and 
artificial  storage,  either  actually  carried  out  or  now  under  construction, 
in  the  Croton  waterslied: 

SfonKje  capacity  in  the  Croton  tcatershed. 

U.  S.  jfaIl-«^ 
Boyds  Corners  reservoir 2,  T*27.(KK».i'O0 

Middle  Branch  reservoir 4. 004.  (K)0.'»5 


r 
\i 

I  1 

s 
u 


Lake  Mahopac  a  _ . 

Lake  Kirk  <( 

Lake  Glenidaa  . . 

Lake  Gilead  a 

Lake  Waccabuc  a 
Lake  Tonnetta((. . 
Barretts  Pond  a  . . 

China  Pond  a 

White  Ponda  .   .. 

Pine  Pond  a. 

Long  Pond  (/ 


575.()0«J.V» 

565, 000. «» 

165, 000.  U» 

380.0C«.Oflt 

'iOO.CJOO.Om 

5O,OO0,0» 

170, 000.  (» 

105, 00)1 009 

100,(n)O.W 

75,Oi^).0» 

60,000.(X« 


ft  Th(»  hikt'H  and  ponds  murked  thus  are  owned  by  the  city. 
rei^ervoirs. 


Those  not  marked  atv  <^ 
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Storage  capacity  in  the  Croton  waterahed—Continned, 

U.  S.  gallons. 

achPonda 230,000,000 

DSsPonda 110,000,000 

ines  Fonda 25,000,000 

Bt  Branch  reservoir ..   9,028,000,000 

iticns  reservoir 7,000,000,000 

ramel  reservoir 9 ,  000, 000, 000 

w  Croton  reservoir 32,000,000,000 

lawalk  reservoir 7,000,000,000 

Total  storage 73,569,000,000 

The  lakes  and  ponds  marked  thus  are  owned  by  the  city.  Those  not  marked  are  city 
jTToirs. 

The  drainage  area  above  the  new  Croton  dam  now  constructing  is 
)  square  miles.  It  is  considered  by  the  Croton  aqueduct  officials 
it  the  storage  affoixled  by  this  reservoir  system  will  furnish  a  daily 
)ply  of  at  least  280,000,000  gallons.  At  this  rate  the  utilization  from 
s  drainage  area  of  300  square  miles  will  become  778,000  gallons  per 
lare  mile  per  day,  or  1.20  cubic  feet  per  square  mile  per  second. 

lAXIMUM  AND  MINIMUM   FLOW  OF  STREAMS   IN    NEW  YORK. 

The  data  relating  to  floods  in  Genesee  River,  given  on  pages  72  to 
as  well  as  the  following  facts,  may  be  taken  as  indicating  some  of 
I  maximum  flows  of  streams  in  New  York. 

FLOODS  IN   CHEMUNG  RIVER. 

levere  floods  have  occurred  in  this  stream  several  times  during  the 
torical  period,  the  most  severe  being  the  great  flood  of  June,  1889, 
ich  caused  serious  damage  to  property  at  Elmira  and  Corning, 
emung  River  is  formed  by  the  junction  of  Tioga  and  Cohocton 
ers  at  Painted  Post,  a  few  miles  above  Corning,  the  principal  tribu- 
y  of  the  Tioga  in  this  State  being  the  Canisteo.  Tioga  River  rises 
ir  Blossbiirg,  in  Tioga  County,  Pennsylvania,  in  an  elevated  region 
m  1,500  to  2,500  feet  above  tide.  The  descent  from  the  extreme 
wi  waters  near  the  Fall  Brook  Coal  Company's  mines  to  Blossburg 
\,t  the  rate  of  about  22  feet  per  mile,  after  w^hicli  it  descends  at  the 
e  of  about  11  feet  to  the  mile.  The  streams  tributary  to  the  Tioga 
also  very  rapid;  they  flow  mainly  through  deep,  narrow  rock  val- 
8,  with  their  heads  generally  at  an  elevation  of  nearly  2,000  feet 
>ve  tide.  Recently  the  hill  slopes  have  been  largely  denuded  of 
ber,  thus  permitting  a  rapid  descent  of  the  rainfall  or  melted  snow. 
ttce  it  results  that  Tioga  River  not  only  naturally  rises  quickly, 
i  its  freshet  flows  have  very  high  velocities.  Canisteo  River,  join- 
the  Tioga  from  the  west,  has  an  average  slope  of  about  5.5  feet 
mile.     The  slope  of  the  Chemung  from  Painted  Post  to  E.l\xi\^«*  \& 
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at  the  rate  of  5.0  feet  per  mile;  thence  through  the  city  of  Ebnira  for 
3  miles  at  the  rate  of  3.5  feet  per  mile;  from  Elmira  to  Chemung,  5.5 
feet  per  mile,  and  thence  to  Athens,  where  it  joins  the  main  £as( 
Branch  of  the  Susquehanna,  3.4  feet  per  mih\  Cohoeton  River  is  abo 
a  stream  of  comparatively  low  slope. 

The  foregoing  facts  indicate  that  the  floods  will  be  slower  in  rising 
on  Canisteo  and  Cohoeton  rivers  than  on  the  Tioga.  In  a  general 
storm,  where  other  conditions  are  equal,  the  first  flood  water  to  readi 
Corning  and  Elmira  will  come  fi-om  the  Tioga,  to  be  followed  later  by 
large  flows  from  the  Canisteo  and  the  Cohoeton.  The  areas  drained 
by  these  streams^are  approximately  as  follows: 

Areas  drained  by  tributaries  of  CJieniung  i?ttvr. 

Square  mflei 
Tioga,  aside  from  the  Canisteo 739 

Canisteo. 79i 

Cohoeton 4$ 

Chemung  above  Elmira IW 

Total 2.fl» 

On  May  31,  1880,  the  region  tributary  to  Chemung  River  above 
Elmira  was  visited  by  a  phenomenally  heavy  rainfall,  amounting  in 
many  places-  to  nearly  10  inches.  The  center  of  this  downpour  was 
located  al)out  10  miles  south  and  15  miles  west  of  Elmira.  At  Elmira 
the  rainfall  was  not  unusual,  1.5  inches  being  recorded  from  8  p.  m. 
of  May  31  to  7  a.  m.  of  June  1;  but  at  Wellsboro,  36  miles  south- 
westerly from  Elmira,  the  total  precipitation  was  9.8  inches,  of  which 
7.45  inches  occurred  after  D  p.  m.  of  May  31  and  before  7  a.m.  of 
June  1.  At  South  Canisteo,  45  miles  westerly  from  Elmira,  a  total 
fall  of  G.25  inches  was  recorded,  of  which  4.5  inches  fell  between  mid- 
night and  3  a.  m.  of  June  1.  Farther  up  the  valley  (5  inches  were 
measured  between  the  same  houi*s.  At  Painted  Post  a  total  fall  of 
about  S  inches  was  reported.  At  Savonia,  on  the  Cohoeton,  5  inches 
fell,  but  the  fall  grew  gradually  less  to  the  north.  At  a  nunil)erof 
l)oints  to  the  south  and  southwest  rainfalls  of  from  G  to  8  inches  were 
recorded  for  ^lay  31,  heavy  rains  occurring  as  far  south  as  Virginia. 

It  will  be  noticed  from  the  preceding  statement  of  the  rainfall  of 
3Iay  31  and  June  1,  188'J,  that  the  heaviest  precipitation  was  practi- 
cally at  the  same  time  over  the  entire  watershed.  The  following 
indicates  the  heights  of  the  flood  wave  at  several  points:  At  Ti<^ 
the  river  was  highest  about  0.30  a.  m.  on  June  1 ;  Canisteo  River  was 
at  its  highest  a  little  before  noon  of  June  1 ;  at  Painted  Post  the  local 
creeks  reached  their  highest  points  at  5  a.  m.,  and  the  Tioga  l)eganto 
rise  rapidly  about  the  same  time;  the  Chemung  reached  a  height  at 
this  place  of  IS  feet  above  low  water;  at  Elmira  the  river  began  to  rise 
rapidly  about  i)  a.  ni.  of  June  1  and  was  at  its  highest  at  about  7  pm 


irTER.1  FLOODS   IN   CHEMUNG   RIVER.  89 

According  to  Francis  Collingwood,*  who  investigated  the  Chemung 
liver  flood  of  1889,  for  the  city  of  Elmira,  the  foregoing  data  indicate 
lat  in  a  flood  coming  more  from  the  south  than  from  the  west  the 
[ghest  water  in  Chemung  River  may  be  looked  for  about  twelve 
3ar8  after  the  highest  water  has  passed  the  Tioga,  and  at  a  some- 
hat  later  period  when  the  water  comes  more  from  the  Canisteo  and 
ohocton  rivers.  Mr.  Collingwood  concludes  that  the  flood  flow  at 
Imira  will  usually  be  not  less  than  fourteen  hours  aft^r  a  heav^*^  rain 
1  the  head  waters  of  these  streams. 

The  surveys  made  by  Mr.  Collingwood,  in  which  a  considerable 
umber  of  flood  elevations  were  fixed  and  plotted,  show  that  the  dis- 
large  of  Chemung  River  at  its  maximum  was  about  138,000  cubic 
^et  per  second,  and  the  mean  velocity  12.72  feet  per  second.  A 
.Aximum  of  138,000  cubic  feet  per  second,  gives  67.1  cubic  feet  per 
HX>nd  per  square  mile.  By  the  way  of  comparison,  it  may  be  noted 
lat  a  maximum  has  been  recorded  on  the  Croton  watershed  of  74.87 
jlXAc  feet  per  second  per  square  mile;  also  that  Grenesee  River  at 
Count  Morris  gave  in  the  flood  of  1894  the  maximum  discharge  of 
2,000  cubic  feet  per  second,  or  48.0  cubic  feet  per  second  per  square 
Lile. 

The  Chemung  flood  of  1889  did  considerable  damage  both  at  Corn- 
ig  and  at  Elmira,  and  the  investigations  of  Mr.  Collingwood  were 
ith  reference  to  plans  for  protecting  the  latter  city  from  devastation 
y  future  floods.  Several  plans  were  proposed,  all  including  the  rec- 
Lfication,  clearing,  and  lowering  of  the  river  through  the  city  with 
ach  dikes  at  the  side  as  might  be  necessary  for  special  protection  at 
zposed  points.  The  estimated  cost  of  these  various  projects  varied 
rom  $336,000  to  $700,000.  So  far  as  known,  nothing  in  the  way  of 
onstructing  the  work  at  Elmira  has  yet  been  done. 

The  city  of  Coming,  which  is  situated  on  the  banks  of  Chemung 
Kver  a  few  miles  above  Elmira,  was  also  greatly  damaged  by  the  flood 
IJune,  1889.  In  consequence,  it  was  determined  to  construct  pro- 
ective  works,  ^nd  an  act  of  the  legislature  was  accordingly  passed  in 
892,  creating  a  board  of  river  commissioners,  with  authority  to  issue 
K>nds  for  this  purpose,  under  which  enactment  and  amendments 
hereto  bonds  to  the  amount  of  !H50,000  have  been  issued.  The  work 
6gan  in  June,  1896,  and  is  now  about  completed.  The  plan  adopted 
'  to  construct  earthen  dikes  to  confine  the  river  at  all  points  where 
is  subject  to  overflow.  The  total  length  of  the  dikes  is  about  25,800 
^t,  or  4.9  miles,  and  they  vary  in  height  from  4  to  19  feet.  The  river 
kes  were  generally  8  feet  wide  on  top,  ^vith  a  slope  of  from  3  to  1  (3 
^t*izontal  to  1  vertical)  on  the  river  side,  and  a  sloix^  of  2  to  1  on  the 

i^d  side. 

Whatever  the  purpose  for  which  an  inland  stream  is  to  be  utilized, 

>  Report  on  the  Prevention  of  Floods  at  Elmira. 
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the  first  question  asked  by  an  experienced  engineer  is  with  reganlto 
the  inininiuni  flow.  If  for  power  development,  the  minimum  flow 
will  determine  the  amount  of  iwwer  which  can  be  insure<l  on  a  given 
head;  if  for  the  water  supply  of  a  town,  the  minimum  flow  will  indi- 
cate at  once  the  number  of  people  which  may  be  supplied  without 
storage.  From  every  point  of  view,  therefore,  a  knowledge  of  the 
minimum  flow  is  a  matter  of  the  first  importance.  Below  are  given 
the  minimum  flows  of  the  inland  streams  of  the  State  of  New  York  so 
far  as  information  is  at  hand. 

LOW-WATER  FLOW   OF  OATKA   CREEK. 

The  drainage  area  of  this  stream  above  the  point  of  measarement 
is  27.5  square  miles.  The  mean  flow  for  the  month  of  Angiut,  1851, 
was  0  cubic  feet  i^er  second ;  for  September,  5.83  cubic  feet  per  second; 
for  October,  5.8  cubic  feet  per  second.  Expressed  in  cubic  feet  per 
second  per  square  mile,  the  foregoing  results  are  0.218  cubic  foot 
for  August,  0.212  cubic  foot  for  September,  and  0.211  cnbie  foot  for 
October.  Expressed  in  inches  on  the  watershed,  the  run-K)ff  of  this 
stream  for  August  to  October,  1801,  was  from  0.24  to  0.25  inch  per 
month.  For  several  days  during  the  months  of  August  to  October. 
IHOl,  the  flow  of  Oatka  Creek  was  down  to  about  4.2  cubic  feet  per 
second,  or  to  about  0.151  cubic  foot  per  square  mile  per  second.  On 
September  20,  1891,  the  recorded  mean  flow  for  the  the  day  wjis  Xl' 
cubic  f(M't  per  second,  or  0.1*57  cubic  foot  per  square  mile  per  s*M*n!id. 

As  a  gciKM-al  i)rop(>sition,  statements  of  minimum  flows  of  stn^iiii:^ 
ought  not  to  be  based  ou  the  record  of  single  days,  especially  on  st roams 
wlirn*  there  are  mill  ponds  al)ov<»  the  i)oiiit  of  measurement,  bt*caii>** 
such  accidental  circumstances  as  the  holding  back  of  the  water  iiiay 
vitiate  the  result;  from  this  i)oinl  of  view  an  average  extending  over 
as  long  a  jx'riod  as  i)ossil)le  should  be  taken. 

The  measunMnents  of  Oatka  Creek  from  August  to  October,  1>"L 
illustrate  well  the  nearly  universal  tendency  of  streams  to  run  either 
at  approximately  a  fixed  rate  or  to  decrease  only  verj' slowly  afitr 
the  tributary  ground  water  has  become  well  drawn  down.  For  st'V- 
eral  days  at  a  time  the  records  show  only  slight  variations. 

LOW- WATER  FLOW    OF   GENESEE   RIVER. 

Tli(»  drainage  area  above  Mount  Morris,  the  first  point  of  measim" 
ment,  is  1,070  square  miles;  abov(*  Rochester,  the  second  point,  -.•>'-'^ 
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kre  miles.     The  following  table  gives  the  mean  monthly  flows  at 
nt  Morris  and  Rochester  for  several  low  months  of  the  year  1895: 

Mean  monthly  flow  of  Oenesee  River  at  Mount  Morris  and  Rochester, 


Month. 


May 

June 

July 

August  . . . 
September 
October . . . 


Mount  Morris. 


Rochester. 


Mean  flow    Cilbic  feet 

(cubic  feel  I  per  .second 

I)er  sec-     !  per  square 

ond).  mile. 


174 
128 
105 
115 
100 
104 


0.163 
0.119 
0.099 
0.108 
0. 093 
0.097 


Inches  on 

the  water 

shed. 


Mean  flow 
(cubic  feet 
per  sec- 
ond.) 


0.19 
0.13 
0.11 
0.12 
0.10 
0.11 


385 
283 
232 
254 
221 
230 


Cubic  feet 

per  second 

per  square 

mile. 


0.380 
0.226 
0.165 
0.169 
0.106 
0.093 


mparing  the  foregoing  figures  for  Mount  Morris  with  those  for 
lester  for  the  month  of  October,  1895,  it  is  seen  that  the  propor- 
of  run-off  at' Rochester  was  somewhat  less  for  that  mouth  than 
ount  Morris,  although  for  the  previous  months  it  appears  to  have 
larger.  The  explanation  of  this  is  that  there  are  between 
lester.  Mount  Morris,  and  Dansville  extensive  flats  aggregating 

GO  to  80  square  miles.  The  temporary  ground- water  storage  of 
5  flats  acts  to  sustain  a  somewhat  more  equable  flow  at  Rochester 

at  Mount  Morris,  above  which  point  there  are  proportionately 
I  smaller  areas  of  flats. 

le  foregoing  minimum  flows  of  Genesee  River  show  conclusively 
in  its  present  condition  it  is  not  a  good  mill  stream.  The  great 
itions  in  run-off  are  conclusive  on  this  point.     The  figures  show 

the  run-off  of  the  stream  may  be  exceedingly  slack  during  the 
ner  and  fall  months. 

the  summer  of  1846  Daniel  Marsh  made  a  series  of  measure- 
[s  in  order  to  determine  the  low-water  flow  of  that  year.  As  the 
It  of  9  measurements  made  at  various  times  in  July  and  August 
ilaced  the  minimum  flow  at  Rochester  in  184G  at  412  cubic  feet 
second. 

we  examine  the  meteorological  records  of  western  New  York  for 
^r'ears  1844  to  1846,  we  find  that  the  period  covered  was  one  of  low 
fall.  For  instance,  at  Rochester  the  rainfall  for  the  storage  period 
le  year  1846  (from  December,  1845,  to  May,  1840,  inclusive)  was 

11.57  inches;  the  rainfall  of  the  growing  period,  11.30  inches; 
he  replenishing  period,  13.16  inches;  the  total  for  the  water  year 
being 36. 03  inches.  For  1845  the  total  was  34.06  inches.  For  1844 
storage  period  rainfall  was  10.52  inches;  growing  period,  8.23 
Bs;  replenishing  period,  7.68  inches;  total  iox\\L^^^«ix^*^^.^*\\is^^'5i». 
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At  Middlebiiry  Academy,  Wyoming  County,  in  the  drainage^  arei 
of  Oalka  Creek,  the  rainfall  for  the  water  year  1845  was,  for  i\w  Hiar- 
age  period,  12.50  inches;  growing  period,  4.82  inches;  repleniishiiii 
period,  8.00  inches;  total  for  the  year,  2(\M  inches.  The  reconl  ii>r 
tlie  year  1840  at  Middlebury  is  not  given.  It  is  clear,  therefore,  so 
far  as  we  have  any  definite  meteorological  record,  that  the  measuiv- 
nients  made  by  Mr.  Marsh  in  1840  were  at  a  time  of  very  low  water. 

The  foregoing  statements  indicate  that  apparently  the  minimum 
summer  flow  of  Genesee  River  has  decreased  from  462  cubic  feet  jier 
second  in  1840  to  about  220  cubic  feet  per  second  in  1895.  As  to  tk- 
reason  for  this  decrease  it  is  believed  that  the  extensive  deforestation 
of  the  drainage  area  which  has  taken  place  since  1840  offers  full 
explanation.  In  1840  the  upper  Genesee  dminage  area  was  still  vpit 
largely  in  forest.  Probably  of  the  entire  area  above  Rochester  thn 
virgin  forest  was  from  05  to  70  per  cent  of  the  whole.  We  have, 
therefore,  apparently  a  marked  case  where  the  deforestation  of  a 
large  area  has  materially  reduceil  the  minimum  run-off. 

LOW- WATER  FLOW  OF  HEMLOCK  LAKE. 

According  to  a  report  nmde  by  Henry  Tracy,  the  minimamflowof 
ITomlock  Lake  (<lrainage  aiva  43  square  miles)  is  5  cubic  fM  per 

second,  or  (>.  1 10  cubic*  foot  ])er  square  mile  per  second.* 

The  tablc^  on  i)ages  70  and  77  gives,  as  previously  stated,  the  quan- 
tity of  water  ])a8sing  out  of  Hemlock  Lake  for  the  period  covered  aud 
without  nMeronce  to  the  natural  How.     In  order  to  obtain  the  approxi- 
mate^ natural  flow  for  the  year  we  must  take  into  account  the  mean 
el(»vations  of  lake  surfac<\     Thus,  for  the  water  year  1880  the  mean 
elevation  of  the  first  month,  December,  was  — 1.67,  while  for  the U>t 
ujonth,  November,  it   was  — 1.24.     The  difference  (0.43  foot)  repre- 
sents the  gain  in  de])th  of  storage  for  the  year.     Computing  forth«^ 
value  of  this  storage  in  inch<^s  on  the  drainage  basin,  we  have  0.^ 
inch,  which,  added  to  the  (|uantity  of  water  passing  out  of  thelakf 
{oA)7  inches),  gives  as  the  ap])roxiniate  total  run-off  for  the  3^ear3.^]-'^ 
inclh's.     Since  ls.^0  was  a  very  dry  year,  we  may  cominite  the  flow  for 
the  (Mitire  watiM*  year  to  be  10.:}  cubic  feet  per  second,  which  again 
amounts  to  0.-24:  cubic  foot  per  square  mile  per  second.     So  far  a> 
known  this  is  the  lowest  annual  run-off  thus  far  measured  in  thf 
St at<»  of  New  York. 

For  the  five-year  period  included  in  tliis  table,  the  total  rainfall 
and  run-off  are  as  follows: 


»  R«'pi)rt  on  the  cost  and  policy  of  constructing  rosi'rvoirs  of  Conesus.  Heuilook,  Ilone«)yo,  a:.  . 
Canadico  lake».    Senate  Document  No.  10,  iJSoU. 
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RainfaU  and  run-off  of  Hemlock  Lake, 


Water  year. 

Rainfall. 

Run-off. 

1880 

Inches. 
21.99 
24.27 
25.46 
82.24 
26.74 

Inches. 

3.07 

8.38 
14.51 

9.29 
12.57 

0.40 

1881 

1882 

1883 

1884 - 

Add  for  rise  in  level _ . . 

Total ... 

131.70 

48.22 

J'op  the  five-year  period  the  total  run-off  was  therefore  onl^  36.6 
'  cent  of  the  rainfall.  In  1880  the  run-off  was  only  15.2  per  cent  of 
)  rainfall. 

LOW-WATER  FLOW   OF  MORRIS   RUN. 

The  result  of  a  measurement  of  Morris  Run,  a  tributary  of  Oatka 
sek,  the  source  of  a  part  of  the  water  supply  of  the  village  of 
arsaw,  Wyoming  CJounty,  made  from  July  4  to  December  26, 
)4,  is  shown  by  the  accompanying  table.  The  measured  drainage 
ia  is  156  acres,  but  it  may,  by  reason  of  the  peculiar  topography,  be 
mewhat  greater  than  this.  The  water  issues  along  the  thread  of 
B  short  valley  in  the  form  of  springs.  The  measurement  was  made 
a  thin-edged  notched  weir  at  a  point  just  below  the  lowest  spring. 
I  may  be  observed,  the  flow  varied  greatly  at  different  times,  the 
nimum  being  77,630  gallons  per  day  or  7.2  cubic  feet  per  minute,  in 
Jtober.  On  July  8  the  discharge  was  238,580  gallons,  or  22.1  cubic 
3t  per  minute  for  twenty-four  hours.  There  is  a  popular  impres- 
►n  that  springs  do  not  vary  their  flow  at  different  seasons.  The 
^asurements  of  Morris  Run  are  valuable,  therefore,  as  illustrating 
It  even  a  spring-fed  stream  will  gradually  decrease  dunng  a  dry 
t«ion. 

^y  mean  discharge  in  cubic  feet  per  minute  of  Morris  Ru7i  near  Warsau\  New 

Yorky  in  JS04, 


Day. 

July. 

August. 

September, 

October. 

November. 

December. 

a. 

16.0 
17.3 
16.7 
18.3 

10.2 
14.9 

10.4 

10.9 

^ 

^ 

8.3 
8.0 

7.8 

10.0 

4 

19.4 
17.8 
19. 5 
20.9^ 

7.8 
8.2 

5 

6 

9.4 
\ 

7 

^           ^A 

\   -    - .. 

•\ 

1 

\          \ 
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''Boily  nwaii  dlKharge  iu  evhiefeet  per  minute  of  MorrU  Run  Jiear  iramnr.j 
" '                                               York,  in  J«i4— Continaed. 

!. 

D.r. 

Jnly. 

Angu»L 

0«ob.,. 

Nonmbtf  1  Dnml 

i< 

sa.i 

,■;■,.  ».8 

y:  90.6 

..     19.7 

A     M.1 

IB.  7 

17. « 
IT.II< 

:5 

M.0 
90.4 

16.7 

16..'! 

. 

».4 
7.8 

« 

i 

^^K| 

.. 

{4^-^^^ 

8.8 

7.8 

7.8 
7.9 

U 

^■- 

&8 
8.3 
19.0 

8.3 

Vtr. „ 

10 

« 

.  19 

8.S 

at 

H.l 
8.8 

8.8 

T.9 

At 

8.8 

1^ 

a 



7.8 
58.6 

1 

S4 

8.« 

3 

8.8 

7.8 

8.2 

88 

20 

B.8 
8.8 

7.8 
7.2 
19.0 

81 

11.7 

LOW- WATER  FLOW  OF  WEST  BRANCH  OF  CANADA  WAT  CREEK. 

In  the  summer  of  1883  measurements  were  made  of  the  ^^ 
Branch  of  Canadaway  Creek  in  Chautauqua  County,  from  July  1' 
September  2  of  that  year.  This  stream,  which  is  the  source  of 
water  supply  of  the  village  of  Fredonia,  has  a  drainage  area  at 
the  point  of  measurement  of  4.3  square  miles.  The  valley  is  deei 
for  a  distance  of  3  miles  from  the  measuring  point  to  its  exti 
headwaters.  Small  springs  issue  frequently  throughout  the  va 
On  July  18,  1883,  the  stream  was  flowing  at  the  rate  of  5-11,620 
Ions  in  24  hours,  or  50.2  cubic  feet  per  second,  and  very  gradi 
decreased  to  270,000  gallons,  or  25  cubic  feet  per  minute,  on  Jul; 
Rains  between  July  22  and  July  29  brought  the  stream  up  to  8 
charge  of  1,319,000  gallons  per  day,  or  122.1  cubic  feet  per  mil 
on  the  latter  date.  The  flow  then  gradually  decreased  darin| 
month  of  Angnst  until,  on  August  26,  it  was  only  216,000  gallon^ 


TIB.] 


WEST  BRANCH  OF  CANADAWAT  CREEK. 


95 


y,  or  20  cable  feet  per  minute,  which  was  the  lowest  point  reached 
ring  the  summer  of  1883. 

rhis  stream  can  not  be  considered  a  good  water  yielder.  A  mean 
icharge  of  216,000  gallons  in  twenty-four  hours  from  a  drainage 
ea  of  4.3  square  miles  represents  a  yield  of  0.334  cubic  foot  per 
Bond,  or,  what  is  the  same  thing,  0.078  cubic  foot  per  square  mile 
r  second.  It  is  apparent,  therefore,  that  even  a  spring-fed  stream 
th  a  deep  valley  in  Chautauqua  County  may  at  times  furnish  a 
ry  small  outflow,  though  it  should  not  be  overlooked  that  the  flow 

0.078  cubic  foot  per  square  mile  per  second  was  the  extreme  mini- 
am  for  one  day  only.     The  relations  of  this  extreme  minimum 

the  daily  flows  during  the  period  covered  by  the  measurements 
ay  be  easily  gathered  from  an  inspection  of  the  table.  The  gradual 
lling  in  water  yield  from  August  1  to  26  is  the  most  interesting  fact 
vealed  by  these  measurements. 

The  following  was  the  rainfall  at  the  point  of  measurements  during 
e  month  of  August,  1883 : 

Inches. 

IgU8t3 0.04 

igustlS 0.10 

lgU8t20 0.05 

ign8t23 : 0.05 

igii8t28 1.98 

ily  mean  discharge  in  cubic  feet  per  mitiute  of  West  Branch  of  Canadaicay  C  reeky 

near  Fredonia,  New  York. 


[Drainage  area,  4.3  square  miles.] 


Day. 

July. 

August. 

56.5 
50.3 
46.2 
45.4 
39.8 
36.9 
36.0 
34.1 
34.1 
33.2 
31.7 
30.2 

Sej,tem- 

Day. 

July. 

August. 

Septem- 
ber. 

1    

47.6 

45.0 

i 

1 

17 

31.7  ! 

28.4    

2. 

18 

50.2 

3 

19 

20 

21... 

49.3         29.3  i 

4-.   

45. 7 
44.0 
25.0 

31.7  1 

33.2 

22.9  ' 

25.6    

5 

6 

•  •••.«       .1 

• 

22 

7 

1 

23 - 

8 

24 

9 

1 

1 

25 

22.1 
20.0 
21.3 

•  *  —  a«>w* 

10 

26 

11 

27 

12 

28 



122.1 

62.4 

105.1    

13 

•  • 

30.2    



1  29 

321.9 

101.7 

60.0 

14 

32.4 
27.0 
27.9 



30 

31 

15 

1 
1 

16 

1 

1 

) 

i 

\ 

\ 

\ 

96  WATER  RESOURCES  OF  STATE  OF  NEW  YORK,   PART  I.       In   2l 

LOW-WATER  FLOW  OF  SKANEATELES   LAKE. 

So  far  as  can  be  learned,  no  definite  statements  of  the  niinimnm  flow 
from  this  drainaji:e  basin,  havini^  an  area  of  73  square  miles,  havi* 
ever  been  made.  Before  the  taking  of  the  watei's  of  this  lake  for  the 
supply  of  tlie  eity  of  Syraeuse  the  supply  was  ample  for  the  c-ftiml. 
ami  elose  estimates  were  not  made.  For  the  run-off  of  a  water  year 
w<»  fin<l  by  the  table  on  page  78  that  1897  was  the  lowest  thus  far 
measured,  the  total  of  that  year  being  15.01  iuehes  on  the  watershttl. 
The  indications  of  the  table,  so  far  as  they  go,  ai-e  that  the  Skaneat- 
eles  area  is  a  g(K)d  water  yielder.  Nevertheless,  it  is  improbable  thai 
18'J7  was  a  vear  of  minimum  fiow. 

LOW-WATER  FLOW  OF  OSWEGO  RIVER. 

There  are  no  records  of  any  long-eontinueil  me^isurenients  of  the 
discharge  of  Oswego  River,  whose  drainage  area  at  the  mouth  is  5,013 
s<[uare  miles.  The  minimum  flow  of  this  sti*eam  has  been  the  subject 
of  judicial  inciuiry.  In  August,  1875,  in  the  case  of  Michael  J.  Cam 
mings  against  owners  and  lessees  of  the  water  of  the  Variok  Canal 
Oswego,  it  was  deereeil: 

(t)  That  the  averacre  flow  of  water  from  the  Oswego  River  into  the  Varic-k 
Canal  in  low  water  in  the  snmuier  months  is  about  45,000  to  50,000  cnUc  feet  per 
minute:  ci)  that  in  extreme  low  water  in  the  summer,  and  which  nanaUj oocon 
in  the  month  of  Jnly  or  August,  it  is  about  85,000  cubic  feet  per  minnte;  (S)  thit 
the  average  tlow  of  the  whole  three  summer  months  is  about  75,000  cubic  feet  per 
minute. 

N'ai'ick  (anal  isrntltlod  to  receive  one-half  the  total  flow  of 'li*' 
rivrr,  loss  tin'  amount  of  water  required  for  navigation  purpostN 
Ilcncr  the  avt'raiTc  suniiuer  How,  according  to  the  decree,  is  fri>!a 
iMi,nnnto  1(mi,(mk»  <Mil)ic  f<'et  per  minute  (1.500  to  1,070  cubic  feet  i»r: 
.MM-nml).  'ilu'  rxtrrmo  low-water  flow  is  plaeed  at  70,000  cubic (•■•.: 
prr  minute  for  the  whole  (low  of  th(»  river,  or  at  1,170  cubic  feet  ih." 
scM'ond,  whilr  I  lie  avora'^e  How  of  tlie  whole  three  summer  month>> 
^'wi'U  al  alM)Ui  1  ")0,()(H)  <'u1h<-  feet  i)er  minute,  or  2,500  cubic  feet  j-er 
st'cinid.  From  tlir  roi'<'p)in;r  liiruros  we  de<luce  an  extreme  minimtin- 
of  p<'i'ha[>s  n.i':;  of  a  ruble  foot  per  sc[uare  mile  per  second,  with au 
avcraire  of  low  water  \\\  the  summer  months  of  al)out  0.30  to  0.33  of  a 
eul)ie  I'uol  [K'V  square  mile  per  second. 

LoW-WATKU    FLOW    OF    HLACK   RIVER. 

Tlh'  draiiia.LT*'  area  of  this  sti«'am  at  Watertown  is  1, tS 20 square miU-^ 
TlnTf  is  vciy  liiilc  (h'Tiniic  iurormation  as  to  either  the  niaximniii'' 
theniiuimum  Mow.  Aside  I'rom  a  few  measurements  made  by  enpnv»'> 
in  the  employ  of  Ihe  State  al  the  time  of  eoiistriirlion  of  Black  K-' 
(anal  ami  a  lew  made  hy  Frank  A.  Iliiies  in  ls7."),  tluM'edo  not  iiy> 
fo /;(*  ;Mn' iijeasureu\eu\s  «A"  \\v>\\ .  X'tn  '^V\vU*d  in  the  Hepi>rt  on  W./ 
rowci'  of  t  Ji<*  I ' lilled S\;v\es,*Veu\\\  V v'\\s\\s,v\'vA>\\\>\vj  N\\sb \\\\\\\\\nx\.v.^ i'. 


t^^j^J^MMtift^^^^^^m 

^M 

^1h 

^^Ha^^l^^gdj^H 
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an  ordinarily  dry  season  may  be  taken  at  from  1,000  to  1,100  cubic 
t  per  second  for  24  hours.  By  reasoning  from  the  data  of  Hudson 
rer,  it  may  be  assumed  that  in  very  dry  years  the  minimum  flow  will 
less  than  this.  Taking  into  account  the  large  surface  storage  on 
5  numerous  lakes  at  the  head  waters,  it  is  doubtful  if  Black  River 
its  natural  state  will,  while  present  forestry  conditions  are  main- 
ned,  ever  go  below  about  0.4  of  a  cubic  foot  per  square  mile  per 
K)nd,  although  it  is  claimed  to  have  been  less  than  this  in  1849.  As 
ihown  in  detail  in  another  place,  there  are  a  large  number  of  reser- 
irs  upon  the  upper  watei*s  of  this  stream,  which,  if  properly  operated, 
ij  be  expected  to  keep  the  low- water  flow  at  a  considerably  higher 
ure  than  0.4  of  a  cubic  foot  per  square  mile  per  second,  that  figure 
iating  to  the  natural  flow  of  the  stream  only. 

LOW- WATER  FLOW  OF  MOHAWK  RIVER. 

The  drainage  area  of  this  stream  is  3,400  square  miles.  According 
David  H.  Van  Auken,  the  engineer  of  The  Cohoes  Company,  at 
>hoes,  the  minimum  flow  of  Mohawk  River  does  not  exceed  800  cubic 
3t  per  second,  or  0.235  cubic  foot  per  square  mile  per  second.  Since 
Qsiderable  water  is  taken  from  Mohawk  River  for  the  supply  of 
ie  Canal,  probably  Mr.  Van  Auken's  statement  relates  to  the  amount 
tlized  for  water  power  at  Cohoes,  and,  in  the  absence  of  definite 
ui^s  as  to  the  amount  abstracted  for  the  canal,  must  be  taken  as 
aewhat  general.  There  is,  however,  a  well-defined  feeling  that  the 
limum  flow  of  the  Mohawk  has  been  gradually  decreasing  during 
'  last  twenty  or  twenty-five  years,  due  probably  to  decreasing 
orestation  of  the  drainage  area. 

LOW- WATER  FLOW  OF  HUDSON  RIVER. 

Tie  drainage  area  above  Mechanic ville  is  4,500  square  miles, 
asurements  have  been  made  at  Mechanicville  since  October,  1887, 

record  of  which  to  November,  1896,  is  presented  in  the  tables 
page  82.  The  natural  flow  of  this  stream  is  somewhat  obscured 
the  presence  of  a  considerable  number  of  lumbermen's  reservoirs 
its  head  waters,  the  total  storage  of  which  aggregates  about 
00,000,000  cubic  feet.  The  month  of  minimum  run-off  for  the 
ole  period  covered  by  the  measurements  was  July,  1888,  the  mean 

the  month  being  1,537  cubic  feet  per  second,  or  0.39  inch  on  the 
(ershed.  For  short  periods  the  mean  flow  has  been  less  than  this, 
us,  from  August  14  to  19,  1890,  the  mean  flow  was  1,080  cubic  feet 
:•  second;  also,  from  October  2  to  6,  1891,  inclusive,  the  mean  flow 
^ven  at  1,080  cubic  feet  per  second.  For  4,500  square  miles 
linage  area  this  gives  0.24  cubic  foot  per  second.  Taking  the 
''ersion  for  the  supply  of  Champlain  Canal  into  account,  we  have 
out  0.29  cubic  foot  per  square  mile  per  second  as  the  actually 
served  minjiniiin  Gow. 
IBB  24 7 
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The  figures  Rhow,  moreover,  that  the  minimum  of  0.29  of  a  cnbk 
foot  per  second  has  occurred  for  only  two  periods,  one  of  six  days  and 
the  other  of  five  days,  a  total  of  eleven  days  for  the  whole  period  cov- 
ered by  the  measurements.  For  July,  1888,  the  mean  flow,  includuig 
the  diversion  which  was  then  occurring  for  the  supply  of  Champlam 
Canal,  may  be  taken  at  0.37  of  a  cubic  foot  per  square  mile  per  second. 
For  October,  1891,  the  mean  flow  for  the  whole  month  was  1,472  cabie 
feet  per  second,  or,  including  the  diversion  to  the  Champlain  Gand, 
0. 36  of  a  cubic  foot  per  square  mile  per  second.  In  July,  1890,  the 
mean  flow  for  the  month  was  1,950  cubic  feet  per  second,  and  in  sev- 
eral other  months,  as  July,  1893,  July,  1895,  and  September  and  Octo- 
ber, 1895,  the  mean  monthly  flow  varied  from  about  3,600  to  2,700 
cubic  feet  per  second.  Hence  we  may  say  that  for  any  business  where 
it  is  not  absolutely  indispensable  to  have  permanent  power,  water 
power  on  Hudson  River  may  be  developed  up  to  the  limit  of  about  0.4 
of  a  cubic  foot  per  square  mile  per  second,  with  a  prospect  of  not  being 
interrupted  on  account  of  low  water  more  than  a  few  days  in  each 
year.  For  electric  power,  however,  or  any  application  of  water  power 
requiring  a  permanent  power  every  day  in  the  year,  the  development 
ought  not  to  be  based,  under  present  conditions,  on  more  than  about 
0. 24  to  0. 25  of  a  cubic  foot  per  square  mile  per  second,  these  latter 
figures  relating  especially  to  that  portion  of  the  river  from  which 
water  is  diverted  for  the  supply  of  Champlain  Canal.  At  points  above 
the  Glens  Falls  feeder  the  indications  of  the  available  data  are  that 
permanent  power  developments  maybe  made  up  to  0.3  of  a  cubic 
foot  per  square  mile  per  second.  As  is  shown  in  the  section  on  the 
water  power  of  Hudson  River,  nearly  all  of  the  plants  on  that  stream 
are  developed  far  beyond  these  figures. 

LOW- WATER  FLOW  OF  CROTON  RIVER. 

The  drainage  area  above  the  point  of  measurement  is  338  square 
miles.  The  minimum  flow  of  the  main  Croton  River  above  the  point 
of  measurement,  as  given  by  J.  J.  R.  Croes,  is  0.178  of  a  cubic  foot 
per  square  mile  per  second.  The  minimum  flow  of  West  Branch  of 
Croton  River,  with  a  drainage  area  of  20.4  square  miles,  is  given  at 
0.02  cubic  foot  per  square  mile  per  second.  The  lowest  mean  monthly 
flow  in  the  period  from  1870  to  1896,  covered  by  the  table  on  pages  83 
to  85,  is  for  the  month  of  September,  1870,  in  which  month  the  aver- 
age daily  run-off  was  69,401,200  gallons  or  9,265,800  cubic  feet  in  24 
hours.  These  figures  give  7.5  cubic  feet  per  second  and  0.318  of  a 
cubic  foot  per  square  mile  per  second. 

SUMMARY  OF  KNOWLEDGE  OF  LOW- WATER  PLOW. 

Summarizing  the  present  knowledge  of  the  minimum  flow  of  streams 
in  New  York,  we  may  say  that  in  western  New  York  for  streams  like 
Genesee  River,  issuing  from  regioua  of  heavy,  compact  soil,  mostly 
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deforested,  the  minimum  flows  are  likely  to  run  as  low  as  0.1  of  a 
cubic  foot  per  square  mile  per  second,  and  even  less.  Spring-fed 
streams  in  that  region,  and  those  with  considerable  lake-surface  pond- 
age, may  be  expected  to  be  somewhat  greater  than  this.  For  the 
central  part  of  the  State  the  information  is  too  limited  to  permit  of 
making  other  than  general  statements.  It  is  probable,  however,  that 
Oswego  River,  the  main  stream  of  the  central  region,  has  by  reason 
of  its  lake  pondage  and  swamp  area  a  minimum  flow  not  much  less 
than  0.3  of  a  cubic  foot  per  square  mile  per  second.  The  Mohawk 
and  the  upper  Hudson  may  also  be  placed,  while  their  present  condi- 
tion of  forestation  is  maintained,  at  a  minimum  of  about  0.3  of  a  cubic 
foot  per  square  mile  per  second.  This  figure  also  appears  to  apply  to 
the  Croton  drainage  area,  where  there  are  considerable  sand  areas, 
which  compensate  for  the  limited  forestation.  The  streams  of  Long 
Island  issuing  from  sand  plains  will  give  larger  yields,  the  measure- 
ments showing  a  run-off  of  0,58  cubic  foot  per  second  per  square  mile 
drained.  The  streams  of  the  northern  part  of  the  State,  which  issue 
from  denser  forests  than  the  others,  may  be  expected  to  give  minimum 
yields  somewhat  in  excess  of  0.3  of  a  cubic  foot  per  square  mile  per 
second.  Little  is  known  as  to  the  yield  of  streams  tributary  to  the 
Allegheny,  Susquehanna,  and  Delaware  rivers  aside  from  the  measure- 
ments of  Eaton  and  Madison  brooks  by  Mr.  Jervis,  in  1835.  Appar- 
ently no  measurements  of  any  other  of  these  streams  have  been  made. 
It  is  probable,  however,  that  many  of  them  are  not  specially  differ- 
ent in  water-yielding  capacity  from  the  Neshaminy,  Tohickon,  and 
Perkiomen  creeks  in  Pennsylvania.^ 

In  view  of  the  vast  importance  of  a  detailed  knowledge  of  stream 
flow  in  the  State  of  New  York,  on  account  not  only  of  the  canal  inter- 
ests of  the  last  seventy-five  years,  but  also  on  account  of  the  great 
possibilities  of  water-power  developments,  it  is  a  matter  of  surprise 
that  more  extended  measurements  of  the  inland  streams  have  not 
been  made. 

>  For  details  of  the  measnrements  of  the  Neshaminy,  Tohickon,  and  Perkiomen  creeks,  see  a 
paper.  Observations  on  rainfall  and  stream  flow  in  eastern  Pennsylvania,  by  John  E.  Codman. 
Proc.  Eng.  Clnb  of  Philadelphia,  Vol.  XIV  (Jnly  to  September,  1897). 

[For  index,  see  Part  II  of  this  report— Water-Supply  Paper  No.  25.] 
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LETTER    OF   TRANSMITTAL. 


Department  of  the  Istrhioh^ 
United  States  Geological  sikvkv. 

Division  of  llYDfi/M/KAPHY. 

IR:  I  have  the  honor  to  transmit  herewith  a  riiarjtjM'n|/i  on  tin* 
iter  Resources  of  the  State  of  New  York,  pr«;|iarMj  \n  Mi  O^-^/i/*' 
.Kafter,  and  to  recommend  that  it  ]te  publi^h^yJ  n^  otti:  of  ih"  m'im^ 
papers  on  Water  Snpply  and  IrriKatiou. 

This  manuscript  is  a  continuation  of  the  materia  J  pn/jU-^)  i$t  Watii 
ipply  Paper  No.  24,  which  related  mainly  ^o  xU*-  phv^ti'-ai  '//u'lHi'/i*** 
:  river  systems  of  the  State  of  New  York,  «fi'J  parti''ijj;i»ly  i//  Mh 
railable  water  supply,  the  floods,  and  th«'  Jow  Mat^-i  of  l^'/lfi4  of  iIh 
pical  streams.     In  the  present  paj>er  a  dis^-UHt-iou  j^  /i  v <  n  of  w ^iii  i 
orage  projects  and  of  the  development  of  ^nu^t  jy/w* »  ;«oO  v^^iii* 
lys.     The  paper  as  originally  present*?^]  wa*»  i/ji-'i»'J<'i  fo»  j/'j»/]i' #itioi* 
a  whole  in  one  of  the  annual  re[>ort*f-     'J'hi^  y^a^  foti/i'i  iinifn$/Urn 
e,  and  to  secure  publication  at  an  #rarly  'Jai--  j^   h;i>  *^  *  /*  n*  '-^  ^;-<h  y 
subdivide  the  manuscript  U}  cumfonu  with  th<-  UnnUiU'fin-  jiii|/ow  'J 
igarding  the  size  of  papers  in  thih  M-ru-»i.     Ju  *.pii4  of  Uh.-  'Ji.ni/J  v#u< 
fcgeit  is  believed  that  the  information  <'Ofi^Aiii*''\  m  Uj«  .-^  •  wo  |/iij/<  m* 
Sos.  24  and  25)  will  be  of  value  not  onJy  t'/  ih*-  j#«vy|/l'  of  '»<  vy  y^/j  i* , 
»ut  to  those  of  other  States. 

Very  respectfully,  I'     M     • » «'  a  i*  m 

Won.  Chables  D.  Wai>'ott, 

Director  Unile^l  Siol^^i  (}*oUf*j«^  '/I  Hm  /  /  // 
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PART  II. 


By  George  W.  Rafter. 


WATER-STORAGE  PROJECTS. 

Among  the  projects  for  storing  water  for  power  and  other  purposes 
*e  two  of  special  importance  with  which  the  author  has  been  con- 
^rned;  the  first  of  these  is  on  Grenesee  River  and  the  second  on 
ndson  River.  The  following  statements  are  for  the  most  part  con- 
^Qsed  from  more  detailed  reports  in  the  Annual  Report  of  the  State 
i^ineer  and  Surveyor  for  1896. 

GENESEE  RIVER  STORAGE  RESERVOIR. 

'V  general  description  of  this  river  has  been  given  in  Part  I  (Water- 
ed ply  Paper  No.  24),  on  page  25;  it«  discharge  measurements  have 
^n  discussed  on  page  70,  and  reference  has  been  made  on  page  90 
tihe  low- water  flow,  indicating  that  during  the  summer  the  avail- 
t^  supply  is  small.  In  spite  of  this  fact,  development  of  water 
^rer  has  proceeded  rapidly.  As  shown  by  the  reports  on  the  Water 
A^er  of  the  United  States  in  the  Tenth  Census  (1880),  the  total 
•"ter  power  on  Grenesee  River  from  Rochester  to  Portage  in  1882  was 
^^2  net  horsepower.  An  examination  of  the  amount  in  use  on  the 
cue  reach  of  river  in  1896  showed  that  the  total,  baseil  on  manu- 
^turers'  rating  of  wheels,  was  19,178  net  horsepower,  or  based  on 
^  manufacturers'  statements  of  the  quantity  of  water  required  to 
•^rate  the  wheels,  and  allowing  75  per  cent  efficiency  of  the  water, 
^  total  power  developed  by  the  wheels  in  place  in  1896  is  found  to 
^  17,248  net  horsepower,  or  about  three  times  that  in  1882.  In  com- 
irison  with  the  figures  it  should  be  noted  that  for  several  months 
iring  the  summer  and  fall  of  1895  the  total  power  did  not  exceed 
OOO  horsepower.  The  same  condition  has  existed  during  the  dry 
•riod  of  a  number  of  years  previous,  but  not  so  seriously  as  in  the 

11  of  1896. 
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The  inoreased  demand  for  power,  as  well  aft  the  sertom  soiiibmi 
'  droughts,  led  to  the  f orninlafion  of  aprojeet  for  oonstmetiiig  a stoiagi 
reservoir  at  some  point  on  the  head  waters  of  Geneeee  Biver  fo 
assisting  tito  summer  How.    The  first  project  indaded  flie  develop* 
ment'of  the  basin  of  Honec^e  Lake  to  its  full  eapaeity,  sorveiysliaviiig 
been  made  for  thid»  purpose  in  1887  and  1888L    It  appettxed,  hawemi 
that  the  yield  of  this  drainage  basin,  whioh  is  only  alxmt  4S.5  s^nn 
mUes,  was  hardly  adequate  for  1^  results  desired,  llie  estimate  dis^ 
ing  that  even  when  developed  to  ita^lull  capacity  it  could  not  W 
depended  on  to  furnish,  in  a  dry  year,  more  than  75  cubic  feet  ps 
second,  while  the  exigencies  of  the  case  demanded  at  least  sevenl. 
hundred  cubic  feet  per  se^cmd.    The  pro|eet  of  building  a  laige  sto* 
age  reservoir  on  upper  Qenesee  River  was  tii^i  formulated  by  tte 
Rochester  Chamber  of  Oommerce. 

In  the  meantime  a  num|>er  of  b»9«4^  Jdl  .the.  )Q^g  level  of  the  Irie 
Canal,  which  extends  from  the  foot  of  the  looks  at  Loekjpc»t  to  the 
eastern  part  of  the  city  of  Rochester,  a  distance  of  abevt  6M  iniiflB, 
had  emphasized  the  importance  of  the  Stated  providtaqg:  ad Atimid 
water  for  feeding  the  canal  east  (rf  Rocheste^.  Fo!r  Hito  purpose  Ae 
construction  of  a  large  storage  reservoir  was  advocated  t>y  (be  Boeb- 
eeter  Chamber  of  Commerce  as  a  State  wiurik,  with  the  result  that  under 
a  resolution  of  the  senate  dated  March  21, 1889,  Ate  State  engineer 
and  surveyor  was  directed  to  make  a  general  investigation  in  regud 
to  the  possibility  of  storing  water  on  the  upper  Genesee.  The 
report  made  under  the  authority  of  this  resolution  appears  in  the 
Annual  Report  of  the  State  Engineer  and  Surveyor  for  the  year  1890. 
In  1892,  under  authority  of  a  concurrent  resolution  dated  March 
15  of  that  year,  Grovemor  Flower  appointed  a  commission  consisting 
of  Evan  Thomas,  Judge  Charles  McLouth,  and  John  Bogart  to  inves- 
tigate and  report  on  the  whole  question  of  storage  on  the  upper 
Genesee.  This  commission  examined  the  site  of  the  proposed  reser- 
voir and  reported  that  it  was  entirely  feasible  to  construct  a  large 
reservoir  on  the  upper  Genesee  River,  the  site  especially  considered 
by  the  commission  being  in  the  Genesee  canyon  or  gorge,  a  short  dis- 
tance above  Mount  Morris,  already  described  in  Part  I. 

As  the  result  of  the  recommendations  of  this  commission,  the  sum 
of  $10,000  was  appropriated  at  the  legislative  session  of  1893  for  the 
purpose  of  studying  in  detail  the  several  proposed  sites  for  dams  in 
the  canyon  of  Genesee  River,  above  Mount  Morris.  At  that  time 
the  work  was  placed  in  charge  of  the  author,  and  has  since  remained 
in  his  hands.  ^ 

At  the  legislative  session  of  1894  a  bill  to  construct  a  dam  in  the 
canyon  a  short  distance  above  Mount  Morris  passed  the  senate,  bat 

'  The  result  of  the  studies  In  1883  may  "be  lound  \u  \.\i^  KxiTkUBX  "^^vstXa  q.1  ^Xv1&^\a^Jblkul&sME 
And  Surveyor  tor  the  fiscal  y  ears  ending  S©vX«.m\»T  «i> \«a  wA  Y«^. 
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i  in  the  assembly.  At  the  session  of  1895  a  similar  bill  passed 
the  senate  and  assembly,  but  was  vetoed  by  Grovemor  Morton, 
ily  on  the  ground  that  the  bill  as  passed  made  no  provision  for 
)wners  of  the  water  x)ower  and  other  interested  parties  bearing 
portion  of  the  expense.  In  his  veto  Gk)vemor  Morton  expressed 
belief  that  if  the  State  should  determine  to  build  a  dam  on 
«ee  River  some  provision  should  be  made  by  which  the  city  of 
Lester — and  possibly  other  localities  interested  in  the  work — 
it  contribute  to  the  expense  of  construction.  (Governor  Morton 
pointed  out  that  if  the  proposed  canal  enlargement  be  approved 
le  people  public  sentiment  might  justify  the  construction  of  a 
tge  dam  on  Genesee  River  for  canal  purposes.  On  the  other 
I,  if  the  proposition  to  deepen  the  canal  should  not  be  approved 
question  would  still  remain  whether  such  a  dam  might  not  be 
able  for  the  purpose  of  regulating  the  river  and  increasing  the 
r  power  thereon. 

order  to  complete  the  preliminary  investigations  relative  to  the 
osed  Grenesee  storage,  Governor  Morton,  in  1896,  approved  an 
tional  appropriation,  which  was  expended  during  the  summer  of 
year  in  completing  the  additional  surveys.  To  the  present  time 
itate  has  expended  on  preliminary  investigation  of  the  Genesee 
kge  project  the  following  amounts:  In  1890,  $3,000;  in  1892,  $7,000; 
;93,  $10,000;  in  1896,  $10,000;  in  all,  $30,000.  As  a  result  of  this 
nditure  complete  plans  and  specifications  have  been  prepared  as 

Ti  in  the  Annual  Report  of  the  State  Engineer  and  Surveyor  for 

1 

INTERESTS  TO  BE  SERVED. 

le  following  are  the  interests  to  be  served  by  the  construction  of 
3  extensive  storage  works  on  Genesee  River: 
)  The  flow  of  the  river  would  be  regulated,  thus  effectually  pre- 
ing  in  the  future  the  devastating  floods  which  occurred  in  1815, 
,  1857, 1865, 1889, 1893, 1894,  and  1896.     The  floods  in  the  years  just 

'  way  of  presenting  a  full  list  of  the  work  on  the  Oenesee  storage,  reference  may  be  made 
special  report  of  John  Bogart,  State  engineer  and  surveyor,  in  Appendix  F  of  the  Annnal 
t  of  the  State  Engineer  and  Surveyor  for  the  fiscal  year  ending  September  90, 1890.  The 
s  of  Messrs.  Bailey  and  Kibbe,  assistant  engineers  to  Mr.  Bogart,  are  covered  by  the  same 
nee.  The  reix>rt  of  Martin  Schenck,  State  engineer  and  surveyor,  may  be  found  at  page 
he  Annnal  Report  of  the  State  Engineer  and  Surveyor  for  the  fiscal  year  ending  Septem- 
,  1808.  The  report  of  E.  Sweet,  ex-State  engineer  and  surveyor,  as  consulting  engineer, 
e  found  in  Appendix  H  of  the  Annual  Report  of  the  State  Engineer  and  Surveyor  for  the 
year  ending  September  90, 1898.  The  report  of  the  commissioners  appointed  in  1893  by 
nor  Flower  may  be  found  in  Senate  Doc.  No.  23, 1893.  The  first  report  of  the  writer  may 
nd  in  Appendix  G  of  the  Annual  Reix>rt  of  the  State  Engineer  and  Surveyor  fur  the 
year  ending  September  30, 1898.  The  second  report  may  be  found  in  Appendix  E  of  the 
d  Report  of  the  State  Engineer  and  Surveyor  for  the  fiscal  year  ending  September  30, 1894. 
ork  done  in  1806  is  described  at  length  in  the  Annual  Report  of  the  State  Engineer  and 
for  for  the  fiscal  year  ending  September  30, 1896.  See  also  a  paper  by  the  writer,  The 
9e  River  storage  and  its  relations  to  the  Erie  Canal  and  the  manufacturing  interests  of 
•n  New  York,  prepared  for  the  Rochester  Chamber  of  Commerce.  This  paper  contains 
>  mmcmTit  of  historical  information  not  given  in  the  ofllcial  reports.  Gk>yemor  Morton*s 
lay  be  fovnd  in  the  Oovemor's  State  Papers  for  1895. 
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enumerated  were  especially  severe,  but  floods  not  so  severe,  yet  doii 
considerable  damage,  have  occurred  in  several  of  the  intervenii 
years.  The  most  severe  flood  was  that  of  1865,  whioh  deetrqyed  fuU 
$1,000,000  worth  of  property  in  the  dliy  of  Boohesfcer. 

(2)  Water  would  be  supplied  for  the  enlarged  Erie  OanaL  Aooor 
ing  to  Mr.  Bogart's  reix)rt  of  1890,  there  should  have  been  provide 
a  storage  on  Oenesee  River  of  1,500,000,000  ouUo  feet  for  the  pui 
pose  of  supplying  Erie  Canal  as  it  existed  at  that  date.  Estimate 
made  in  1896  show  that  for  the  purpose  of  fully  supplying  tii 
enlarged  canal,  as  now  in  process,  there  should  be  made  a  storage  c 
Oenesee  River  of  2,500,000,000  cubic  feet 

(3)  The  agricultural  production  of  the  broad  level  area  indudc 
in  Genesee  Valley  between  Rochester,  Mount  Morris,  and  DansviU. 
estimated  at  from  60  to  80  square  miles,  might  be  greatly  inoreasei 
by  moderate  irrigation  if  the  flood  contingency  was  removed  and  th 
proper  irrigation  channels  were  constructed. 

(4)  Considerable  sanitary  benefit  to  this  section  would  result  from 
the  increased  flow  during  the  low-water  period  through  the  proposed 
regulation.  The  entire  sewage  at  Rochester,  a  city  of  160,000  inhab- 
itants, now  passes  into  Oenesee  River.  The  channel  of  this  stream, 
between  the  foot  of  Lower  Falls  at  Rochester  and  Lake  Ontario,  is  bo 
broad  and  deep  that  during  the  time  of  extreme  low  water  in  the 
summer  and  fall  the  current  is  scarcely  x)erceptible.  The  sewage  oi 
the  city  therefore  lodges  in  this  section,  producing  a  serious  nuisaDc^e 
The  regulation  of  the  river,  by  preventing  floods,  would  also  improve 
the  sanitary  condition  of  the  broad  upper  valley,  where  the  annua 
overflow  has  been  shown  to  cause  more  or  less  sickness. 

(5)  The  water  power  would  be  increased.  Wheels  are  now  set  t> 
Genesee  River  capable  of  producing,  at  the  manufacturers'  rating 
19,178  horsepower,  while  the  low- water  flow  of  the  stream  does  a« 
exceed  about  6,000  horsepower.  The  regulation  as  flnally  propo&# 
would  produce  much  more  power  than  this. 

In  summation  of  the  preceding  points  it  may  be  urged,  in  genera 
that  in  constructing  the  proposed  Genesee  storage  dam,  in  addition  i 
the  private  interests  to  be  conserved,  public  service  of  an  extentJe 
character  would  be  performed. 

INVESTIGATION  OF  THE  FLOOD  OF  18S5. 

The  great  flood  of  March,  1865,  worked  such  destruction  that  th  £ 
legislature,  on  May  1  of  that  year,  passed  an  act  appointing  coinraii*- 
sioners  to  ascertain  the  cause  of  the  inundation  of  the  city  of  Roches- 
ter, what  obstructions,  if  any,  had  been  placed  in  the  river,  and  what 
measures,  proceedings,  and  remedies  were  necessary  to  guard  against 
the  recurrence  of  such  an  inundation.  The  commissioners  appointed 
under  this  act  examined  carefully  the  evidence  as  to  the  flood,  and 
arrived  at  the  conclusion  t)\ia\>  \>Vi<6t^  vr^re  three  principal  causes: 


I. 
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1)  The  sadden  melting  of  an  immense  body  of  snow  which  had 
amnlated  dnring  the  previous  winter. 

2)  Obstructions  caused  by  the  bridge  and  embankment  of  what  is 
w  the  New  York,  Lake  Erie  and  Western  Railway  at  Avon.  The 
^nings  at  this  place  are  stated  to  have  been  adequate  for  ordinary 
Mis,  but  entirely  too  small  for  the  quantity  flowing  in  March,  1865. 
Dce,  at  the  time  of  greatest  flow,  the  water  stood  three  feet  higher 
the  upper  side  of  the  embankment  than  on  the  lower  side.  The 
bankment  finally  gave  way,  thus  allowing  a  large  quantity  of 
ided  water  to  flow  suddenly  down  the  river,  filling  the  channel  at 
Chester  beyond  its  carrjring  capacity. 

3)  Obstruction  of  the  channel  of  the  river  through  the  city  of  Roch- 
er  in  such  manner  as  to  cause  overflows  into  the  Erie  and  Gtonesee 
lley  canals  at  that  place.    The  commissioners  also  point  out  that 

construction  of  the  Erie  Canal  aqueduct  is  such  as  materially  to 
rease  the  obstruction  at  Rochester. 

'rom  the  best  available  figures  the  maximum  flow  at  Rochester  in 
great  flood  of  March,  1865,  probably  did  not  exceed  about  40,000 
dc  feet  x>er  second.  The  danger  limit  is  reached  when  the  flow  at 
t  place  approximates  33,000  cubic  feet  per  second, 
lie  following  are  the  openings  of  the  several  bridges,  etc.,  span- 
g  Erie  Canal  in  the  city  of  Rochester,  as  they  exist  at  present: 
irt  street  bridge,  5,081  square  feet;  Main  street,  3,367  square  feet; 
irews  street,  4,511  square  feet;  Central  avenue,  4,450  square  feet; 
e  Canal  aqueduct,  4,308  square  feet. 

lS  a  chief  cause  of  the  1865  flood  the  commissioners  considered  that 
ting  off  the  forests  and  clearing  lands  were  likely  to  lead  to  heavier 
ds  from  year  to  year.  In  view,  therefore,  of  what  seemed  to  the 
imissioners  a  constant  source  of  danger,  they  arrived  at  the  con- 
sion  that  a  much  larger  waterway  through  the  city  of  Rochester 
I  imperative.  It  may  be  here  remarked  that  the  waterway  at 
Chester  is  still  substantially  the  same  as  in  1865;  if  anything,  it 
been  somewhat  contracted  by  various  constructions  since  that 


e.^ 


MOUNT  MORRIS  SITES. 


leferring  to  Mr.  Bogart's  report  of  1890,  it  is  learned  that  the  inves- 
itions  of  that  year  were  general  in  their  character.  The  work  was 
ried  on  more  particularly  with  reference  to  a  location  in  Genesee 
'^er  gorge,  between  Mount  Morris  and  the  foot  of  the  Portage  FaUs. 
detailed  surveys  were  made  further  than  necessary  to  make  a 
leral  estimate  of  the  cost  of  a  dam  58  feet  in  height,  which  would 
re  1,500,000,000  cubic  feet,  the  amount  considered  necessary  for 
lal  purposes  alone.  Such  a  dam,  Mr.  Bogart  estimates,  could  be 
cted  for  about  $1,000,000. 

<or  npoH  of  the  oonuniosfoners  Appointed  to  inyestigate  the  caTiBM  ot  \^<^  VsiTXTxi^AXKnic^  <A  "Cq^ 
3/  Boobmter  In  March,  1806,  oee  Asa.  Doc.  No.  117  UaOft). 
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The  work  performed  under  the  direction  of  the  aathor,  in  1893,  m 
of  an  entirely  different  character.  The  rei>ort  of  1890  haTiogindi 
oated  the  Mount  Morris  Canyon  as  a  desirable  location,  with  a  noiu 
tier  of  bites  pointed  oat,  of  which  general  inv<!8tigatloii»  had  Uva 
made,  it  became  desirable  to  inveatigate  those  sites  in  detail  ami  f< 
prepare  oloae  estimates  of  the  ooat  of  constructing  datus  al  eailj 
Detailed  investigations  were  aooordingly  made  of  the  ttuve  idteH  favnr 
ably  reported  upon  in  1890,  the  resulta  of  which  may  be  found  in  'h 
Annual  Reports  of  (he  State  Engineer  and  Surveyor  for  lti^3  ;i:j<I 
1891,  where  estimates  of  the  cost  of  the  several  dams  are  al»n  sri>* 
in  detail.  Referring  to  the  estimates,  It  appears  that  at'  site  K"  I 
in  Mount  Morrla  Canyon,  »  diun  raising  the  water  surface  IX> i'^'. 
wonld  cost,  if  built  at  concrete  alone,  1^2,-130,000,  but.  if  bniH  wnii 
sandstone  faces  thronghont,  except  for  the  spillway,  where  gT«Dit«  v 
provided,  the  estimated  oost  would  beoome  *2,590,O00.  A  dam  of  !t> 
same  height  at  site  No.  S,  if  built  thronghont  of  concrete,  wmiltl  (im 
(2,600,000,  bat  with  sandstone  faoes  and  inilependent  splllvay  tlu 
cost  would  be  92,720,000,  or,  with  roadway,  ^2,785,000. 

In  regard  to  the  total  storage  to  be  obtained  in  Mtmnt  Morris  VAoyan 
the  following  are  the  figures  at  sites  Nob.  1  and  2,  the  two  sit^s  ehieflj 
considered:  At  site  No.  1  a  dam  180  feet  in  height  will  store  7,70i>,- 
000,000  cubic  feet,  and  at  site  No.  8  a  dam  of  the  3am<>  faei^bt  will 
store  7,040,000,000  onbio  feet.  Since  no  conclusion  haa  been  rmchni 
as  to  which  of  these  sites  to  adopt,  for  the  purposes  of  comparison  i  f 
mean  of  7,370,000,000  cubic  feet  has  been  taken  na  the  approsimsw  I 
available  storage,  and  the  mean  of  $2,786,000  as  the  approximate  toiiJ 
cost.  On  this  basis  the  estimated  cost  of  this  storage  becomes  (377.9 
per  million  cubic  feet  stored. 

PORTAGE  SITE. 

Ah  already  stated,  the  investigations  of  the  Genesee  River  slonp 
project  were  finally  completed  in  1896.  In  that  year  detailed  survew 
were  made  of  a  new  site  known  as  Portage  site  (shown  on  Pi.  li). 
the  proposed  dam  to  be  located  at  Portage,  about  l,i00feet  above  U« 
Erie  Railway  bridge,  at  a  point  where  the  gorge  presenUt  estremdy 
favorable  conditions  for  the  erectiou  of  a  hiyh  dam.  At  this  plan 
solid  rock  exists  immediately  in  the  bed  of  the  river,  with  onlj* 
couple  of  feet  of  water  flowing  over  it,  and  also  extends  highnpm 
the  blnffs  at  either  side,  whereas  at  all  of  the  sites  in  the  gor^netf 
Mount  .Morris  the  rock  was  only  found  at  from  Ifi  to  20  feet  below lif 
wat«r  surface  and  of  such  an  open  texture  aa  t<>  re<]iure  cnt-of 
ti-enches  about  30  feet  deep,  or  to  a  total  depth  of  nearly  50  ftf 
below  the  water.  The  proposed  Portage  dam  is  also  500  feet  veW 
cally  above  the  previously  mentioned  dam  site,  thus  rendering  dtf 
additional  number  of  feet  a.va\\a.\>\«  1<it  -^NieT  ^uiQoses — a  fact  whirl 
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I  a  materially  different  aspect  on  the  commercial  side  of  the 
iee  River  storage  project. 

tiort  distance  above  the  proposed  Portap^e  site  the  upper  Gtonesee 
y  broadens  out  to  a  width  in  places  of  from  one  to  two  miles, 
igh  the  general  width  of  the  valley  does  not  exceed,  for  several 
in  extent  longitudinally,  about  one  mile.  It  narrows  in  two  or 
places  to  a  less  width  than  this.  The  valley  is  now  a  good  agri- 
*al  region,  in  a  fair  state  of  cultivation,  and  presents,  on  the 
,  as  favorable  conditions  for  farming  as  any  similar  valley  in 
tate.  The  Western  New  York  and  Pennsylvania  Railway 
}  through  the  middle  of  the  valley  on  the  line  of  the  abandoned 
ee  Valley  Canal.  Along  the  line  of  this  railway  the  villages 
rtageville,  Rossburg,  Wiscoy,  and  Fillmore  are  situated.  TThe 
oir  project  includes  the  relaying  of  the  railway  above  the  flow 
fi  the  west  side  of  the  valley,  as  well  as  the  removal  of  the  vil- 
uamed.  The  total  area  below  the  flow  line  is  12.4  square  miles 
he  entire  area  proposed  to  be  taken  for  reservoir  purposes, 
ling  a  strip  10  feet  vertically  above  the  flow  line,  is  13.7  square 
The  project  also  includes  the  removal  of  several  cemeteries, 
lilding  of  highway  bridges  across  the  reservoir,  and  the  con- 
ion  of  a  roadway  entirely  around  the  same, 
hout  having  made  a  detailed  canvass,  it  is  estimated  that  the 
it  population  of  the  proposed  Portage  reservoir  site,  in  the 
es  and  on  the  farms,  is  about  1,200.  In  reference  to  dispossess- 
is  number  of  people  of  their  homes  for  the  purpose  of  creating 
e  storage  reservoir,  it  may  be  said  that  such  a  proceeding  is  not 
Qot  uncommon  in  this  State,  but  that  the  population  to  be 
^ed  in  the  case  of  the  new  Croton  reservoir  is  far  greater  than  at 
ortage  reservoir.  According  to  maps  furnished  by  the  (Jroton 
department,  it  appears  that  the  new  Croton  reservoir  includes 
king  of  either  the  whole  or  parts  of  something  like  three  large 
es  and  nine  or  ten  hamlets.  The  total  population  to  be  removed 
iihe  submerged  area  of  the  new  Croton  reservoir  is  not  given,  but 
[  inspection  of  maps  of  the  proposed  sites  indicates  that  it  must 
eral  times  larger  than  the  number  to  be  dispossessed  at  Portage, 
illages  of  Eatonah,  Purdy  Station,  and  Croton  Falls  are  much 
than  any  of  the  villages  in  the  Portage  reservoir  site.  The 
line  of  the  New  York  and  Northern  Railroad  passes  for  several 
through  the  valley  and  requires  relocating  above  the  flow  line, 
,me  as  is  proposed  for  the  Western  New  York  and  Pennsylvania 
'ay  along  the  Portage  reservoir.  It  appears,  therefore,  that  the 
f  New  York  is  now  doing  under  State  laws  everything  in  the 
►f  so-called  radical  change  which  it  is  proposed  to  do  at  Portage, 
th  cases  the  suflicient  reason  for  these  changes  may  be  found  in 
3tter  meeting  of  public  necessities. 
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Hie  efltimated  ooat  of  the  pzopoaed  Portago  i-eservoir,  inclndi 
land  damagea,  diun,  reoonstmotidn  of  railway,  removal  of  cemeteri 
the  oattiiig  of  all  timbeF  iritiiin  the  drainage  areas,  tLe  coustrnntl 
of  hi^way  bridges,  etc,  in  |S,600,000,  the  storage  to  be  ^raridad 
tiiis  expenditure  amonntlzig  to  15,000,000,000  onMo  feet;  at  this  n 
the  oost  per  million  eabie  feet  stored  Is  tl73.S3.  The  main  ohanob 
istlcfl  of  the  proposed  reseiroir  are  shown  try  the  following  taUa, « 
densed  fzx>m  pages  708  and  709  of  the  report  of  the  State  B^ti^neer  at 
Surveyor  of  New  York  for  1896 : 

OapaeUg  of  proposed  Portage  nnwuofr. 


m. 

Anxtf 

,2?jSKi. 

"^ 

7M. 

Ba-mOtt. 

OMefait. 

1.100.0 

O.S8» 

101.4i)0,000 

0.OU 

1,106.0 

O.BSW 

S17,«BS,000 

0.094 

1,110.0 

0.S840 

888,900,000 

0.148 

1,110.0 

1.1860 

450,100,000 

0.W 

1,180.0 

i.ua 

666,800,000 

0.M4 

1,136.0 

3.0069 

948,100,000 

0.408 

1,180.0 

2.6002 

1,816,000,000 

0.667 

1,185.0 

8.8304 

1,694,000,000 

0.739 

1,140.0 

8.9666 

2,070,000.000 

0.891 

1,145.0 

4.6356 

3,780,000,000 

1.196 

1,160.0 

6.0944 

8.490,000,000 

1.602 

1,166.0 

5.6638 

4,300,000,000 

1.808 

1,160.0 

6.3823 

4,910,000,000 

3!ll8 

1,165.0 

6.8898 

6,945.000,000 

3.559 

1,170.0 

7.4364 

6,980,000,000 

8.004 

1,173.0 

7.6663 

7,896,000,000 

8.182 

1,178.0 

7.7848 

7,602,000,000 

8.871 

1,175.0 

8.0335 

8,016,000,000 

8.461 

1,180.0 

8.0206 

9,061,000,000 

3. 898 

1,186.0 

9.4862 

10,866,000.000 

4.463 

1,100.0 

10.2518 

11,681,500,000 

6.016 

1,105.0 

11.8007 

18,367,000,000 

5,710 

1,300.0 

13,8495 

16,000,000,000 

6.408 

Comparing  the  for^^ing  statements  of  cost  with  those  made  on  tl 
preceding  page  with  reference  to  the  cost  of  the  proposed  reserve 
in  Mount  Morris  Canyon,  it  appears  that  at  Port^ie  a  stoiage 
15,000,000,000  cabic  feet  can  be  made  for  somewhat  less  than  the  oc 
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)f  7,300,000,000  cubic  feet  at  Mount  Morris;  or,  as  a  general  statement, 
i^e  may  say  that  a  given  expenditure  at  Portage  produces  double  the 
Jtorage  that  it  will  produce  at  Mount  Morris.  The  Portage  reservoir 
levelops  the  full  capacity  of  the  drainage  area  for  such  a  dry  year  as 
i895.  It  is  considered  that  this  full  development  is  necessary  in  order 
0  obtain  the  most  satis^-'actory  results  in  river  regulation. 
As  reasons  in  detail  for  preferring  Portage  site  to  that  at  Mount 
forris,  the  following  may  be  mentioned: 

(1)  The  Portage  site  affords  more  water  for  a  given  expenditure. 

(2)  The  Portage  site  is  considered  safer  than  the  Mount  Morris  site. 
8  shown  in  the  Genesee  Storage  Reports  of  1893-94,  the  shales  at 
ount  Morris  are  open;  and  while  it  is,  without  doubt,  possible  to 
ake  a  safe  dam  there,  it  would  be  at  much  greater  cost  than  at  Port- 
^e.  In  view  of  the  large  storage  provided  at  either  place,  the  dam 
ust  be  absolutely  safe,  as  its  failure  would  work  vast  destruction. 

(3)  The  material  for  the  dam  is  nearly  all  on  the  ground  at  Portage, 
biile  at  Mount  Morris  it  needs  to  be  brought  from  a  distance. 

(4)  The  Portage  site  affords  greater  water-power  development, 
^ith  the  Grenesee  storage  dam  located  at  Mount  Morris  the  total  head 
L  which  the  storage  can  be  applied  is  282  feet,  while  with  a  dam  at 
>rtage  the  total  head  on  which  the  stored  water  may  be  applied  is 
2  feet. 

(5)  On  account  of  great  depth  of  foundation  at  Mount  Morris,  it 
3uld  be  necessary  to  expend  over  $1,000,000  before  the  dam  could 
>  brought  to  the  level  of  the  present  water  surface.  The  conditions 
^  such  that  the  floods  of  every  spring  would  sweep  over  the  work, 
^literating  all  evidence  that  any  money  had  been  expended,  which 
ast  necessarily  continue  for  at  least  two  or  three  years,  until  the 
imdations  could  be  fully  placed.  At  Portage,  on  the  other  hand,  a 
K)d  foundation  is  found  near  the  water  level.     Indeed,  the  difference 

cost  of  foundation  is  such  that  nearly  the  total  expenditure  at 
ount  Morris  is  for  the  dam,  the  flowage  ground  costing  only  $75,000, 
biile  at  Portage  the  estimated  cost  of  the  dam  is  only  $1,000,000,  the 
Llance  of  the  expenditure  there  being  for  right  of  way,  change  of 
ilway  line,  etc. 

The  proposed  regulation  of  Genesee  River  has  been  computed  on 
•^  basis  of  a  minimum  discharge  of  300  cubic  feet  per  second,  in 
'^  case  of  a  reservoir  storing  7,500,000,000  cubic  feet,  and  also  on  a 
tsis  of  457  cubic  feet  per  second  in  the  case  of  a  reservoir  storing 
►,000,000,000  cubic  feet.  As  to  the  reason  for  fixing  upon  these 
inimums,  it  may  be  remarked  that  in  river  regulation  the  outflow 
fxm  the  storage  reservoir  should  be  so  arranged  as  to  make  the 
toefit  to  all  parts  of  the  stream  equal.  Especially  is  this  proposition 
XLe  when,  as  in  the  present  case,  there  is  water  power  distributed 
IBB  25 2 
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throughout  the  whole  extent  of  the  stream  below  the  storage  point 
Obviously  the  way  to  do  this  is  to  plan  for  an  outflow  proportional  to 
the  drainage  area.  In  the  present  case  we  have  a  drainage  area  at 
Rochester  of  2,365  square  miles,  and  one  of  1,000  square  miles  above 
Portage,  or  the  area  above  Rochester  is  about  2^  times  the  area  above 
Portage.  The  minimum  regulated  flow  at  Rochester  may  justly  be 
made  2.365  times  the  assumed  minimum  flow  at  Portage. 

Assuming  680  cubic  feet  per  second  as  the  flow  below  which  the 
stream  will  never  be  allowed  to  fall  at  Rochester,  we  have  for  a  reser- 
voir storing  7,500,000,000  cubic  feet  a  corresponding  minimum  ont- 
flow  from  the  reservoir  of  300  cubic  feet  per  second,  or  for  a  storage  of 
15,000,000,000  cubic  feet  an  outflow  of  457  cubic  feet  per  second,  the 
latter  figure  being  arrived  at  by  assuming  the  maintenanceof  a  mini- 
mum flow  at  Rochester  of  at  least  1,080  cubic  feet  per  second.  The 
computations  of  the  tables  on  pages  119  to  121  are  carried  out  on  this 
basis.  The  regulated  flows  for  the  month  of  May  are  greater  than 
for  the  other  months.  They  are  also  greatest  during  the  months  of 
canal  navigation,  the  addition  being  made  in  order  to  provide  for 
the  quantity  of  water  to  be  taken  for  the  enlarged  Erie  Canal,  whidi 
quantity  has  been  fixed  at  80  cubic  feet  per  second  for  every  month 
of  the  navigation  season  except  May,  and  at  177  cubic  feet  per 
second  for  that  month,  the  excess  quantity  for  the  month  of  May  bein; 
required  in  order  to  provide  for  filling  the  canal  at  the  beginning  of 
the  month. 

The  first  table  shows  the  effect  on  the  fiow  of  Genesee  River  fron 
June,  1894,  to  November,  189G,  inclusive,  as  infiuenced  by  the  storage 
at  Portage  of  7,500,000,000  cubic  feet  of  water,  provided  at  least  300 
cubic  feet  per  second  is  allowed  to  fiow  continually  at  Portage,  and 
at  least  600  cubic  feet  per  second  is  always  fiowing  at  Rochester  in 
addition  to  the  amount  required  for  canal  purposes.  The  figures 
given  in  the  left-hand  column  show  the  proposed  minimum  flow  at 
Rochester,  this  being  the  600  second-feet  above  noted,  together  with 
80  second-feet  for  the  canal  for  the  months  from  June  to  November, 
inclusive,  and  177  second-feet  for  the  month  of  May.  The  next  tfo 
columns  give  the  discharges  at  Rochester  and  Portage  under  natural 
conditions.  The  fourth  column  is  the  difference  between  these,  ff 
the  quantity  of  water  entering  the  river  below  Portage,  and  next  to 
this  is  the  minimum  amount  to  be  added  at  Portage  in  order  to  main- 
tain the  proposed  minimum  fiow  at  Rochester  of  600  cubic  feet  per 
second,  not  including  the  amount  taken  by  the  canal.  The  quan- 
tity available  at  Rochester  for  power  purposes  is  shown  in  the  neil 
column,  and  is  obtained  by  adding  the  fiow  at  Rochester,  less  the  flow 
at  Portage,  to  the  actual  fiow  from  Portage  reservoir  and  the  surplus 
flowing  over  the  spillway  at  Portage  reservoir,  and  then  deducting  the 
quantity  taken  by  the  canal. 
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Refpttati4M  of  Qenetee  River  by  ttorage  at  Portage. 

>r>Ke  of  IMOJOCOSJOO  enUo  feet  at  PorUgs  aiid  lloir  of  at  leBst  <W0  Moond-feet  >t  Roch- 
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The  aotioal  flow  from  Portage  leservoir  is  taluftt  to  lietiie  ndiii 
of  800  cubic  feet  per  seocmd  ordinarily  aaBimied,  jfhm  tbe  an 
necessary  to  make  up  the  defldem^in  flie  quantllgr  of  water  ent 
Oie  river  at  points  between  Portage  and  Rootiesler.  The  last  eo 
that  on  the  right-hand  side,  shows  the  snri^us  flowing  over  the 
way  at  Portage  reservoir  during  tibe  comparatively  few  months 
the  natural  flow  has  filled  the  reservoir,  supplied  all  draisn 
evaporation  from  the  surface,  and  still  is  in  excess. 

The  next  table  exhibits  the  condition  of  tibe  reservoir  from  n 
to  month  under  the  above  conditions.  The  figures  are  given  i 
cubic  contents  but  in  equivalent  depth  in  inches  on  the  tolslt 
tary  watershed  of  1,000  square  miles.  Thcf  reservoir  is  assumed 
full  at  the  beginning  and  end  of  June,  1894,  the  total  stcncagea 
reservoir  being  equivalent  to  3.23  inches  in  depth  on  the  waten 
The  total  waste  from  June  1, 1894,  to  December  1, 1896,  equals,  Q 
the  conditions  of  tliis  table,  9.86  inches  on  tiie  waterdied« 


Flow  into  andfnm  Portage  retmv&ir  under  the  c(mMkmt 

[In  IndMB  on  wtttanbed.] 
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w  into  and  from  Portage  reservoir  under  the  conditions  assumed — Cont'd. 

[In  inchee  on  watershed.] 
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Diilar  tables  might  be  given,  showing  the  regulation  of  the  river 
lected  by  the  storage  at  Portage  of  15,000,000,000  cubic  feet  of 
)r  for  the  same  period,  with  at  least  457  cubic  feet  per  second 
.ys  flowing  at  Portage,  and  at  least  1,000  cubic  feet  per  second  at 
lester,  in  addition  to  the  amount  required  for  the  canal.  The 
f  difference  is  that  during  only  three  months  of  this  period  would 
e  be  any  overflow  through  the  spillway,  the  total  waste  equaling 
inches.  This  would  be  in  June,  1894,  521  second-feet;  in  April, 
,  1,058  second-feet;  in  April,  1896,  350  second-feet.  The  amount 
k)chester  under  the  same  conditions  would  be  in  no  case  below 
)  second-feet. 

may  here  be  pointed  out  that  had  the  enlarged  canal  been  in 
ation  in  July,  1894,  and  taking  the  estimated  quantity  of  80  cubic 
of  water  per  second  from  Genesee  River,  the  amount  of  water 
g  to  the  canal  would  have  been  27.4  per  cent  of  the  total  flow  of 
river  for  that  month;  in  August  18.1  per  cent;  in  May,  1895,  46 
sent;  in  June,  28.3  per  cent;  in  July,  34.5  per  cent;  in  August, 
per  cent;  in  September,  36.2  per  cent;  and  in  October,  34.8  per 
.  In  May,  1896,  the  canal  would  have  taken  51.3  per  cent  of  the 
I  flow  of  the  river  for  that  month;  in  June,  12.2  per  cent;  in  July, 
per  cent;  in  August,  19.2  per  cent;  and  in  September,  24.5  per 
.  It  appears,  therefore,  that  the  taking  of  80  cubic  feet  per  sec- 
from  Genesee  River  for  canal  purposes  is  a  very  serious  matter 
lie  water  power  of  the  stream  and  is  unjustiflable^  uidftes^  \\»  \^ 
rljr  shown  that  the  addition  to  the  wealth,  ol  \Jdl^  §A«A«^  \^  ^^«XKt 
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than  if  the  water  were  used  for  supplying  power.  The  actual  danui^ 
resulting  from  taking  at  times  50  per  cent  of  the  unregulated  flowrf 
the  stream  is  about  as  follows:  As  shown  on  a  previous  page,  the 
minimum  flow  of  the  river  is  capable  of  producing  6,727  gross  horse- 
power, or,  what  is  the  same  thing,  assuming  75  per  cent  efficieney, 
5,046  net  horsepower.  One-half  of  the  low-water  power  may  there- 
fore be  taken  at  2,523  net  horsepower. 

So  long  as  the  possibility  exists  of  a  draft  upon  the  river  equal  to 
one-half  of  its  minimum  flow,  this  2,523  net  horsepower  is  practicilly 
rendered  useless  to  its  owners  by  reason  of  the  uncertainty  as  toliie 
exact  time  of  the  draft,  or  if  not  rendered  useless,  is  far  less  valiuiUe 
than  if  it  were  absolutely  permanent  power.  In  enforcing  this  Tier 
it  may  be  pointed  out  that  Rochester  is  a  manufacturing  town,  made 
up  chiefly  of  establishments  using  comparatively  small  quantities  of 
power  at  each  place,  but  that  the  power  must  still  be  continnou 
every  day;  that  is  to  say,  it  must  be  absolutely  permanent  power. 
So  long,  therefore,  as  one-half  the  total  minimum  power  of  the  stream 
is  subject  to  stoppage  during  any  month,  the  manufacturers  will  pref- 
erably use  steam  power,  on  account  of  its  permanency,  even  at  con- 
siderably greater  expense.  Bearing  on  this  view,  the  fact  may  be 
pointed  out  that  the  use  of  soft  coal  in  Rochester  for  steam  porpoeee 
is  stated  as  500,000  tons  a  year,  which,  at  an  average  price  of  $2.40 
per  ton,  amounts  to  the  sum  of  $1,200,000  annually.  It  may  be  con- 
sidered settled,  therefore,  that  water  power  is  valuable  at  Rochester, 
and  that  anything  which  tends  to  reduce  the  permanent  power  50  per 
cent  is  a  very  serious  matter  to  the  manufacturei's  of  the  city. 

C:OMPARISON   OF  MOUNT  MORRIS  AND   PORTAGE   SITES. 

As  a  final  point  in  the  discussion  of  Genesee  River  storage,  com- 
parison will  be  made  between  the  Mount  Morris  project,  storing 
7,370,000,000  cubic  feet,  at  a  cost  of  $2,785,000,  and  the  Portage  project 
storing  15,000,000,000  cubic  feet,  at  an  estimated  cost  of  $2,6OO,(X)0,for 
the  purpose  of  determining  the  relative  commercial  advantages. 

With  the  reservoir  at  Mount  Morris  storing  7,370,0(X),000  cubic  feef 
there  is  282  feet  fall,  on  which  7,370,0(X),000  cubic  feet,  less  the  quan- 
tity required  for  the  canal,  may  be  applied  for  power  purposes.   As 
already  explained,  the  constant  outflow  from   the   reservoir  would 
never  be  less  than  300  cubic  feet  a  second.     Continuous  power  devel- 
opment under  this  plan  would,  therefore,  be  based  on  300  cubic  feet 
a  second  at  Mount  Morris,  something  more  than  this  at  Geneseoand 
^k'ork,  and  on  (300  cubic  feet  a  sec(md  at  Rochester.     On  thishai* 
of    computation   it  appears  that   the   total   permanent,    eoutinuotf 
power  to  be  realized  from  a  reservoir  storing  7,370,000,000  cubic  i^ 
and  located  in  the  Mount  Morris  Gorge  would  be  18,327  gross  horse- 
powev. 
In  I'eg'ard  to  the  increase  m  ^al^T  i^ow^^^  \Xv^  <^^<^^\}v^^^^i^^^^ 
storage  will  be  the  amount  ol  peA\\vA\w\\V  i^^^^^^  «>:yiN^>;issfc\vs^--^^ 
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power  of  the  stream.  As  already  stated,  the  total  permanent  power 
for  the  unregulated  stream  is  6,727  gross  horsepower.  The  gain  due 
to  the  storage  is,  therefore,  11,600  gross  horsepower.  Assuming  a 
price  of  $10  per  gross  horsepower,  we  reach  an  annual  return  from  the 
increased  power  of  $116,000;  but  the  Mount  Morris  reservoir  is  esti- 
mated to  cost  $2,785,000.  If  we  assume  the  project  carried  out  by  a 
private  company,  with  money  at  5  per  cent,  the  annual  interest  on 
the  investment  is  $139,250 — a  sum  $23,250  in  excess  of  the  probable 
annual  income  when  all  the  power  created  shall  have  been  brought 
into  use;  but  there  should  be  a  sinking,  maintenance,  and  repair  fund 
of  at  least  $25,000  a  year,  in  order  to  repay  the  principal  investment, 
which  if  taken  into  account  increases  the  probable  deficiency  to 
$48,250  a  year.  It  must  be  concluded,  therefore,  that  with  the  pres- 
ent understanding  as  to  the  minimum  run-oif  of  Genesee  River  the 
Iiroject  of  a  storage  reservoir  in  Mount  Morris  Canyon,  storing  ap- 
proximately 7,370,000,000  cubic  feet  of  water,  at  a  cost  of  $2,785,000, 
is  oommercially  impracticable. 

If  we  consider  the  Portage  project  in  its  financial  aspects,  where  it 
is  proposed  to  construct  a  reservoir  storing  15,000,000,000  cubic  feet 
of  water,  at  a  cost  of  $2,600,000,  we  reach  the  following  results: 

The  total  fall  from  just  above  the  upper  fall  at  Portage  to  the  mean 
level  of  Lake  Ontario  is  785  feet,  of  which  the  greater  portion  is  avail- 
Able  for  the  development  of  water  power.  Without  going  into  detail, 
we  may  place  the  permanent,  continuous  gross  horsepower  of  the 
river,  with  a  storage  of  15,000,000,000  cubic  feet  at  Poiliage,  at  the 
following  figures: 

Power  of  Oenesee  River  after  construction  of  reservoir  at  Portage. 

Gross  horsepower. 

EVnrtage  to  Mount  Morris 25,934 

Ifonnt  Morris 835 

oleneaeo  and  York 624 

ftocheeter 29,840 

Total 57,223 

Deducting  from  57,223  gross  horsepower  the  present  permanent 
power  of  6,727  gross  horsepower,  we  have  50,496  gross  horsepower  as 
the  net  increase  in  the  permanent  water  power  of  the  stream  due  to 
the  construction  of  the  Portage  reservoir.  At  *10  per  gross  liorse- 
power,  as  before,  the  annual  income  when  tlie  power  is  utilized 
amounts  to  $504,960.  The  estimated  cost  of  producing  this  vast 
increase  in  power  is  $2,600,000.  Assuming  an  interest  rate  of  5  per 
eent,  the  annual  interest  is  $130,000;  adding  to  that  amount  $25,000 
lor  sinking  fund,  maintenance,  and  repairs,  the  total  annual  expense 
l^ecomes  $155,000.    The  difference  of  $340,960  is  the  net  annual  income. 

As  already  shown,  when  interest  is  taken  into  account,  the  Mount 
Morris  project  becomes  commercially  impracticable^,    TVkft  ^<^t^^ 
project,  on  the  other  hand,  shows  an  annuaV  mcoxa^^  «iXsq,n<^  voJ^^t^^ 
recount,  sinking  fundy  maintenance,  and  repavTO,  ol  V^^:^,^^^>^'^^^^' 
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capitalized  at  5  per  cent,  represents  $6,999,000.  If  we  assume  4  per 
cent,  the  capitalization  of  the  annual  income  may  be  expected  ulti- 
mately to  represent  $8,748,750. 

SUMMARY. 

Lack  of  space  prevents  discussion  in  greater  detail  of  the  Genesee 
River  storage  project,  and  the  following  summation  is  presented  as 
embodying  the  main  points  of  the  discussion : 

(1)  Of  the  several  available  sites  for  reservoirs  on  Grenesee  River 
that  at  Portage  is  preferable  to  others,  because  it  affords  the  largest 
storage  at  the  smallest  cost  per  unit  volume. 

(2)  Serious  floods  have  occurred  a  number  of  times  in  Genesee 
River  at  Rochester,  the  most  serious  being  that  of  March,  1865.  At 
least  $1,000,000  loss  resulted  from  that  flood.  The  flood  in  April,  1896, 
was  nearly  as  severe  as  the  flood  of  March,  1865,  although,  as  the 
river  channel  was  clear,  very  little  damage  ensued. 

(3)  As  the  result  of  three  years'  measurements  of  Genesee  River, 
it  is  determined  that  the  minimum  flow  of  the  stream  may  for  the 
entire  year  be  as  low  as  6.67  inches  on  the  watershed. 

(4)  A  study  of  existing  conditions  shows  that  the  Gtonesee  River 
drainage  area  has  been  nearly  denuded  of  forests,  and  hence  that 
severe  spring  floods  are  likely  to  be  frequent.  For  the  same  reason 
the  summer  flow  of  the  stream  is  less  than  formerly. 

(5)  As  a  tentative  conclusion,  based  on  the  data  at  hand,  it  may  be 
said  that  deforestation  of  a  drainage  area  may  tend  not  only  to 
increase  floods  somewhat,  but  to  decrease  materially  the  amount  of 
the  annual  run-off. 

(G)  A  comparison  of  the  conditions  existing  on  the  drainage  area  of 
Genesee  River  with  those  of  the  upper  Hudson,  which  is  still  largely 
in  forest,  shows  less  run-off  under  given  conditions  from  the  Genesee 
than  from  tlie  Hudson,  thus  indicating  the  probable  effect  of  the  for- 
est in  increasing  the  run-off. 

(7)  As  regards  the  upper  Genesee  drainage  area,  the  forest  has 
been  removed  by  landowners  wlio  liave  commercially  profited  by  such 
removal;  the  effect,  however,  has  been  to  injure  permanently  every 
riparian  owner  on  the  stream;  hence  it  is  proper  that  the  State  should 
spend  money  either  in  partially  reforesting  the  area  or  in  constructing 
river  regulation  works.  The  latter  is  preferable,  because  the  benefits 
can  be  realized  in  a  few  years.  If  the  State  does  not  desire  to  con- 
struct such  works,  there  sliould  be  no  obstacles  interposed  to  their 
construction  by  a  private  company. 

(8)  The  proposed  Portage  reservoir  will  impound  15,000,000,000 
cubic  feet  of  water,  at  an  estimated  cost  of  $2,60(3,000,  or  at  a  costot" 
$173.33  per  million  cubic  feet  stored.  It  affords  a  permanent,  con ^ 
tinuous  power  above  the  present  low-water  flow  of  the  stream  o^ 
50,49G  gross  horsepower,  while  the  reservoir  at  Mount  Morris  affords 
only  11,000  horsepower  abo\^  \^^  \>T^^^wt  low- water  power  of  the 

stream. 
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)  Based  on  manufacturers'  ratings,  the  present  total  developed 
)r  power  of  Grenesee  River  from  Portage  to  Rochester,  inclusive, 
),178  net  horsepower;  or,  basing  the  amount  of  water  power  on 
manufacturers'  ratings  of  water  required,  and  assuming  75  per 
i  efficiency  on  the  wheels,  the  total  power  is  17,248  net  horse- 
er,  of  which  16,683  net  horsepower  is  within  the  limits  of  the  city 
Rochester. 

0)  The  enlarged  Erie  Canal  will  require  80  cubic  feet  of  water 
second  from  Oenesee  River  for  every  month  of  the  navigation 
on  except  May,  and  in  that  month  a  mean  of  177  cubic  feet  per 
nd. 

1)  The  present  extreme  low- water  power  of  Genesee  River  at 
hester  is  5,046  net  horsepower,  of  which  onchalf,  or  2,523  net 
lepower,  will  be  rendered  very  much  less  valuable  to  its  owners 
mse  of  the  taking  for  the  enlarged  Erie  Canal  of  80  cubic  feet  per 
nd  in  every  month  of  the  navigation  season  and  177  cubic  feet 
second  in  May. 

WATER  STORAGE   ON   HUDSON   RIVER. 

9  noted  in  Part  I  of  this  paper,  on  page  33,  Hudson  River  is  divided 
16  Troy  dam  into  the  upper  or  water-power  section  and  the  lower 
dal  portion.  The  proposed  reservoirs  are,  as  a  matter  of  course, 
16  upper  section,  that  above  Troy. 

EARLY   SURVEYS. 

he  project  for  constructing  storage  reservoirs  on  the  upper  Hudson 
been  agitated  for  many  years,  the  first  surveys  for  this  purpose 
ing  been  made  in  1874.  In  that  year  Prof.  F.  N.  Benedict  con- 
bed  surveys,  and  in  his  report  proposed  an  extensive  system  of  res- 
>irs.  The  chief  interest  attaching  to  this  report  is  the  proposition 
he  part  of  Mr.  Benedict  to  build  storage  reservoirs  at  Blue  Moun- 
,  Racket,  Forked,  Beach,  and  Long  lakes,  and  divert  the  water 
ed  on  these  several  lakes  from  their  natural  drainage  into  Racket 
3r,  to  the  south,  thus  making  them  artificially  tributary  to  Hud- 
River.  In  proposing  this  diversion,  Mr.  Benedict  apparently 
med  that  the  State,  in  its  sovereign  capacity,  could  divert  watera 
I  one  drainage  basin  to  another  without  regard  to  the  rights  or 
es  of  the  riparian  owners. 

addition  to  the  lakes  already  enumerated,  which  are  naturally 
itary  to  Racket  River,  Mr.  Benedict  proposed  to  make  reservoirs 
le  following  lakes  and  ponds  in  the  upper  Hudson  drainage  area: 
nd  Pond,  Catlin  Lake,  Rich  Lake,  Harris  Lake,  Lake  Henderson, 
comb  Lake,  Lower  Works  reservoir,  Chain  Lakes,  Goodenow 
i,  Goodenow  River  reservoir.  South  Pond,  Clear  Pond,  Slim 
i,  Ackerman  Pond,  Perch  Pond,  Trout  Pond,  Lake  Harkness, 
Id  Lake,  First  Sergeant  Pond,  Third  Sergeant  Pond,  Plumley 
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I'oiiii,  Moiist'  I'orid,  and  Vary  Pond.  Tlie  tulrtl  sluragt-  lu  ix:  liir- 
nUliL<<l  hy  tliM  I'litire  H.vBtem  <if  rewrvoira  is  placeil  at  lf!,41fp,7sl,iii>i 
ciiliic  feel.  'Tiu;  (<HhI  cost  ot  lli«  prajKised  rosor^-oirs  was  plaiwl  ijj 
Mr.  Benedict  lit  iilxtut  $:2<)5,W)0,  or,  mcliidiii;r  t}i(>  divei-Kkm  (.'tioal  and 
hiipriivcuiPiits  at  Long  T.nkc,  at  a  total  of  ai>out  &l'iO,(XMi.     Theiiaiiit 


invipiiMcd  well!  to  1«'  (■(iristnii-U'd  of  liiiibci-,  voi^j'  mueh  after  thepii)-' 
of  l]i<-  tiiidxT  ihiiiis  si  ill  c.-i>iiKlrtii'ii>d  liylhc  Imiilieriiioii  in  this  region. 
IIS  shown  uii  I'l.  III.' 

'r''"rfiir(li.Ttuirtiruljir>.if  Mr  \li-i.i>.\uv  i  v.-M-ivnir  ^y-t.-m,  ».«■  Il.-]»rt  ••a  a  Surrey".' ■.;■ 
M'.Kcr.i  (,f  III..  L'li|"T  H'lil— u  nii.\  llin>\t-l  Ui\>-T.<  \u  \W:Hi«'L\nsT  \«  VWIt.with  U.-'pt  !«■ ' 

r/u<(M,.,j  lilv.T.  lijF.  N'.  ll.'ii.-lu:t,  A«..VV.--,n^:.-.V.A,\.^-.t.,v-»- 
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In  1874,  when  Mr.  Benedict  prepared  his  report,  the  demands  for 
^•rater  npon  Hudson  River  were  far  less  extensive  than  at  present, 
and  even  in  1882  the  total  water  power  of  the  stream  was,  according 
to  the  statistics  of  the  Report  on  the  Water  Power  of  the  United 
States,  Tenth  Census,  only  12,894  horsepower,  while  in  1895  the  total 
horsepower  was  43,481.     Taking  into  account  additional  wheels  set  in 
the  last  two  years,  as  well  as  the  extensive  development  of  the  Hud- 
son River  Power  Transmission  Company  now  in  progress  3  miles  below 
Mechanicville,  it  is  probable  that  early  in  1898  there  will  be  wheels 
set  on  Hudson  River  capable  of  furnishing,  at  full  capacity,  not  far 
from  55,000  horsepower.     This  great  development  has  led  to  a  very 
strong  demand  in  the  last  few  years  for  increased  flow  during  the 
Vow-water  i)eriod. 

RECENT  INVESTIGATIONS. 

In  1895  a  survey  of  the  upper  Hudson  Valley  was  authorized  with 
the  view  of  determining  what  lakes  and  streams  may  be  improved, 
«id  the  water  stored  and  diverted,  in  order  to  provide  for  the 
enlargement  of  Champlain  Canal;  for  restoring  to  the  water  of 
Hudson  River  at  or  below  Glens  FaUs  the  water  diverted  therefrom 
for  canal  purposes,  and  for  improving  the  navigation  of  the  lower 
Hudson  River.  The  Hudson  River  naturally  divides  into  two  sec- 
tions— the  upper  and  the  lower — at  the  Troy  dam,  which  is  the  head 
of  the  lower  or  tidal  section.  The  proposed  reservoirs  are  all  in  the 
upper  section,  above  Troy. 

When  one  considers  the  scope  of  the  investigation  it  may  be 
readily  seen  that  the  studies  must  necessarily  be  of  rather  wide 
range.    Special  consideration  should  be  given  the  following  topics: 

(1)  The  area  of  the  several  subdivisions  of  the  drainage  area, 
together  with  the  locations  and  extent  of  the  reservoir  sites,  and  the 
total  area  from  which  the  run-off  can  be  controlled. 

(2)  The  rainfall  and  mean  temperature  of  the  tributary  region,  as 
well  as  its  physical  characteristics,  the  relative  amounts  of  timber  and 
cleared  area,  etc. 

(3)  The  actual  run-off  of  the  stream  from  the  known  area  for  a 
series  of  years,  and  a  deduction  therefrom  by  comparison  with  the 
rainfall  and  temperature  records  of  the  amount  which  may  be  stored 
in  the  year  of  minimum  rainfall ;  also  the  relation  which  the  run-off  in 
the  year  of  minimum  precipitation  beara  to  what  may  be  expected 
in  the  average  year,  and  a  deduction  therefrom  of  the  proper  height 
of  flow  lines  for  full-capacity  development. 

(4)  The  areas  of  the  reservoirs  and  the  losses  therefrom  by  evapo- 
ration which  may  be  reasonably  expected,  with  the  amount  of  effect- 
ive storage  which  may  be  gained  by  the  reservoir  system  when 
developed  to  full  capacity. 

(5)  The  amount  of  water  now  diverted  ior  Wve>  w^^  o\.  ^ywssscsJ^'nsxv 
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Canal,  and  the  amount  to  be  diverted  for  such  use  when  the  enUujge- 
ment  is  completed;  also  the  proper  method  of  managing  the  systm 
of  reservoirs  in  order  to  secure  the  best  results  to  the  canal,  the  nm- 
gable  section,  and  the  water  power. 

(6)  The  amount  of  water  power  now  in  use  on  the  stream  and  the 
effect  of  the  present  and  future  diversion. 

(7)  The  regimen  of  the  tidal  section,  and  the  effect  of  the  unregu- 
lated fresh- water  flow  and  of  the  construction  of  the  syBtem  of 
impounding  reservoirs. 

(8)  The  cost  of  the  reservoirs  and  the  relation  which  the  aetniJ  ooet 
bears  to  the  amount  of  storage  gained.  This  latter  element  deter 
mines  the  commercial  feasibility  of  the  project. 

RESERVOIR    SITES    ON    SACUNDAGA,    MAIN    HUDSON,     AND    8CHB00I 

RIVERS. 

• 

The  surveys,  so  far  as  carried,  indicate  that  economical  reservdn 
controlling  the  entire  drainage  area  to  full  capacity  in  the  year  of 
minimum  rainfall  may  be  constructed  in  the  Sacundaga,  main  Hod- 
son,  and  Schroon  valleys,  as  shown  in  the  following  paragraphs. 

The  Sacundaga  River  has,  as  already  stated,  a  total  drainage  area 

above  its  mouth  at  Hadley  of  1,040  square  miles.    The  catduneDt 

areas  of  reservoir  sites  on  Sacundaga  River,  in  square  miles,  are  is 

follows: 

Catchment  areas  of  reservoir  sites  on  Sacundaga  River, 

Square  mHA 

Lakes  Pleasant  and  Sacundaga 45 

Piseco  Lake 55 

Arietta  flow 40 

Miscellaneous 50 

Total 190 

The  main  Hudson  or  North  River  has  a  total  drainage  area  above 
Hadley,  not  including  Schroon  River,  of  1,092  square  miles.  Of  this 
area  the  portions  shown  below  may  be  developed  to  full  capacity  in 
the  year  of  minimum  rainfall : 

Catchment  area  of  reservoir  sites  07i  main  Htuison  River, 

Square  mfles. 

Thirteenth  Pond 14 

Chain  Lakes 58 

CatlinLake .. 35 

Lakes  Rich,  Harris,  and  Newcomb,  and  the  Gk)odenow  flow 83 

Lake  Henderson 18 

Lake  Sanford  and  the  Tahawns  flow 67 

Boreas  River  and  Boreas  Pond 45 

Cedar  River 58 

Indian  Lake  148 

Total 514 
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Schroon  River  has  a  total  drainage  area  above  its  mouth  of  550 
quare  miles.  The  topography  of  the  Schroon  area  is  such  as  to 
kdmit  of  two  distinct  lines  of  treatment — either  to  construct  one  large 
lam  at  Tumblehead  Falls,  about  a  mile  below  South  Ilorioon,  or  to 
construct  a  series  of  16  to  18  small  dams  at  various  points  in  the  area. 
In  either  case  it  is  possible  to  control  substantially  the  full  flow  of 
the  502  square  miles  above  Tumblehead  Falls,  and  the  decision  of 
which  is  better  will  turn  chiefly  on  the  question  of  relative  cost,  the 
estimate  taking  into  account  the  fact  that  it  will  cost  much  more  to 
operate  a  large  number  of  reservoirs  than  to  operate  one. 

CcUehment  area  of  mnaU  resenoirs  on  Sdiroon  River. 

Sqiiare  milea. 

Hinerra  Brook  at  Olmsteadville 48.4 

HewettPond 2.5 

Loon  Lake 11.6 

PriendLake 4.9 

Elk  Lake 15.9 

dear  Pond.... 3.8 

(^ewPdnd '. 1.7 

E)eadwater  Fond 18.9 

SanmiondP^d 11.4 

>adleyFond 8.9 

)venhotPond 4.9 

^aradoxLake 81.6 

^iaragon  Lake 6.6 

^ranePond 7.2 

liaraohLake 8.8 

^rantLake. 88.7 

''alentine  Pond 6.7 

chroon  Lake  at  Starbnckville 259.2 

Total 478.7 

The  area  between  Starbnckville  and  Tumblehead  Falls  not  available 
ith  the  system  of  small  reservoirs  is  23.3  square  miles. 

The  total  controllable  area  of  the  upper  Hudson,  with  the  system  of 
nail  reservoirs  in  the  Schroon  Valley,  is  as  follows: 

Total  catchment  area  of  upper  Hudson  River, 

Square  miles. 

icundaga  Valley 190 

ndson  above  Hadley 514 

5hroon  Valley 479 

Total 1,188 

With  one  large  reservoir  in  Schroon  Valley  the  catchment  area  is 
icreased  to  1,206  square  miles. 

The  system  of  small  reservoirs  outlined  in  the  foregoing  is  estimated 
»  store  15,330,000,000  cubic  feet,  at  a  cost  of  $1,172,500;  hence  the 
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cost  per  million  cubic  feet  stored  becomes  $76.48.  These  figares^ 
however,  do  not  take  into  account  the  annual  cost  of  maintenanee 
and  operation,  which  may  be  placed  at  $30,000  per  year,  and  capital- 
ized at  5  per  cent  is  equivalent  to  a  permanent  investment  of  $600,000. 
Adding  $600,000  to  $1,172,500  gives  a  total  permanent  investment  of 
$1,772,500. 

A  general  estimate  of  the  cost  of  the  single  large  reservoir  in 
Schroon  Valley  shows  that  with  a  dam  at  Tumblehead  Falls  59  feet 
in  height  there  would  be  impounded  15,925,000,000  cubic  feet.  Tiie 
preliminary  estimate  indicates  a  total  cost  of  $840,000,  and  a  later 
survey  indicates  about  $1,000,000.  The  final  revision  of  the  estimate 
on  completion  of  the  investigation  may  show  a  somewhat  larger  figuie 
than  this.  Even  if  the  cost  were  to  be  $1,100,000,  it  would  still  be 
exceedingly  cheap  storage,  the  cost  for  15,925,000,000  cubic  feet  being 
on  this  basis  only  $69.14  per  million  cubic  feet  stored. 

The  dam  at  Tumblehead  Falls  would  be  located  just  below  the  outr 
let  of  Brant  Lake,  the  elevation  of  the  water  surface  of  which  is  801 
feet.  The  flow  line  of  the  proposed  reservoir  has  been  placed  at  an 
elevation  of  840  feet,  thus  giving  a  depth  of  39  feet  over  the  surface 
of  Brant  Lake,  a  depth  of  33  feet  over  the  surface  of  Schroon  Lake, 
and  a  depth  of  20  feet  over  Paradox  Lake.  With  the  reservoir  foD 
or  nearly  full,  there  would  be  continuous  navigation  from  the  head  of 
Brant  Lake  to  the  head  of  Paradox  Lake  of  about  35  miles.  The  vil- 
lages of  South  Horicon,  Bartonvillo,  Starbuckville,  and  parts  of  Pot- 
tersville  and  Chester  are  within  the  flow  line  of  this  reservoir. 

As  another  large  reservoir  to  be  built  on  the  head  waters  of  the 
Hudson,  Indian  Lake  reservoir  may  be  mentioned.  As  shown  on 
page  128,  the  total  controllable  area  at  this  lake  is  140  square  miles, 
which  is  capable  of  furnishing,  in  the  year  of  minimum  run-off, 
4,468,000,000  cubic  feet.  To  provide  this  storage,  a  dam  raisin^rthe 
water  surface  23  feet  above  the  present  dam  is  required.  The  stomge 
of  the  present  dam  10  feet  in  height  is  estimated  at  8()0,0(X),(K)()  cubic 
feet.  In  the  spring  of  1897  a  private  company,  known  as  the  Indian 
River  Company,  was  organized  to  construct  the  Indian  River  reser- 
voir. This  company  proposes  to  construct  a  masonry  aud  concrete 
dam  to  the  height  of  23  feet  above  the  old  timber  dam.  The  work  is 
now  in  process  of  construction.  The  clearing  of  the  margins  of  the 
lake  includes  the  cutting  of  about  1,1  GO  acres  of  timber. 

The  Indian  River  Company  was  the  owner  of  considerable  land  bor- 
dering on  and  in  the  vicinity  of  Indian  Lake.  In  consideration  of 
the  transfer  of  townships  15  and  32  of  the  Totten  and  Crossfield  pur- 
chase to  the  State  forest  preserve  board,  that  board  has,  in  effect 
purchased  the  dam  in  process  of  construction,  which,  with  the  clear- 
ing  of  the  margins,  is  estimated  to  cost  about  *100,000.  The  forest 
preserve  board  stipulated  that  the  superintendent  of  public  works 
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re  the  right  to  draw  water  from  the  reservoir  when  necessary  for 

I  supply  of  Champlain  Canal,  the  balance  of  the  storage  to  be  used 

the  Indian  River  Company  for  increasing  the  low-water  flow  of 

idson  River  for  the  benefit  of  the  water  power.     At  a  total  cost 

1100,000  the  cost  per  million  cubic  feet  stored  becomes  $22.38. 

king  into  account  the  quantity  of  water  stored  at  Indian  Lake,  this 

i8t  be  considered  a  very  cheap  reservoir.* 

Piseco  Lake  may  also  be  referred  to  as  another  large  reservoir  which 

ly  be  constructed  on  the  upper  Hudson  at  low  cost.     It  is  estimated 

it  a  storage  of  1,725,000,000  cubic  feet  may  be  made,  at  an  expend- 

re  of  $70,000,  or  at  an  average  cost  per  million  cubic  feet  stored 

$40. 

IVithout  going  further  into  detail,  the  following  may  be  given  as  the 

proximate  storage  of  the  entire  upper  Hudson  system,  worked  out 

date.^ 

Approximate  storage  of  upper  Hudson  River, 

C?ubic  feet. 

iBge  of  Sacnndaga  and  main  Hudson  River  drainage  areas,  not 
adnding  Boreas  River  reservoir,  Boreas  Pond,  Indian  Lake,  and 

iaecoLake 14,364,000,000 

reas  River  reservoir  and  Boreas  Pond 1,111,000,000 

lianLake 4,468,000,000 

«coLake 1,725,000,000 

uroon  Valley 15,925,000,000 

dley.. 4,000,000,000 

ttklinville 4,000,000,000 

Total 45,593,000,000 

rhis  storage  is  considered  sufficient,  in  conjunction  with  the  natural 
w  of  the  unregulated  portion  of  the  river,  to  maintain  at  Mechan- 
'^ille  a  flow  of  at  least  4,500  cubic  feet  per  second  during  the  entii-e 
»r. 

[n  addition  to  the  reservoirs  named  above,  the  general  investiga- 
ns  indicate  that  there  is,  possibly,  an  opportunity  to  make  a  large 
ervoir  on  Sacundaga  River  by  the  erection  of  a  dam  about  20  feet 
height  at  Conklinville,  where  there  is  a  rea<*h  of  river  extending  24 
les  to  North ville.  The  available  storage  of  such  a  reservoir  is  taken 
about  4,000,000,000  cubic  feet. 

[liere  is  also  an  opportunity  to  construct  on  the  main  Hudson  at 
dley,  just  above  the  mouth  of  the  Sacundaga,  another  reservoir  of 
)ut  4,000,000,000  cubic  feet  capacity,  at  a  point  where  the  natural 
iditions  for  constructing  such  a  reservoir  are  considered  very  good. 
the  site  of  the  proposed  dam  the  river  sljows  a  granitic  rock  bottom 


Ills  dam  was  completed  in  1898. 

'or  full  details  the  reader  is  referre<l  to  the  ori^nal  reports  on  the  upi)er  Hudson  storage 
reys,  in  the  Annual  Reports  of  the  State  Engineer  and  Surveyor  for  the  fiscal  years  ending 
»mber  80, 1805  and  1896. 
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with  precipitoiiB  bauka  nearly  40  feet  in  height  and  abont  100  fttt 
apart.  The  material  for  a  permanent  stone  dam  exists  in  the  tusd- 
ity,  with  an  opportanity  to  oonstiuot  a  wasteway  over  natonl  nxk 
at  one  side. 

InaBmuoh  as  all  the  storage  except  that  of  the  Sacnndaga  ana  wooU 
pass  through  the  Hadley  rmervoir,  its  constmotion  would  dmpli(f 
the  management  of  the  system  very  greatly.  In  the  sommer  wmm, 
as  long  as  there  is  any  storage  above  to  be  drawn  iip<^iu,  tJib  ^eH^ 
voir  ooald  be  kept  nearly  full  and  jnst  the  right  quantity  drawn  ent 
from  day  to  day  to  keep  the  river  at  the  assumed  flow  of  4,500  nabie 
feet  a  second  at  Mechanicvllle. 

KFFBCT  OF  PBOPOBED  STORAOB  ON  BIVKB  FLOW. 

The  foregoing  quantities  of  storage  have  been  fixed  upon  on  tkt 
basis  that  the  water  yield  of  the  year  of  minimum  Rtream  flow  wfQ 
furnish  a  storage  of  at  least  12  inches,  the  flow  line  of  the  resemin 
themselves  being  located  with  reference  to  holding  back  13.5  inctm 
If,  however,  one  examines  the  tables  of  run-ofF  of  the  Hudsim  ll 
MechanicviUe,  given  in  Part  I  of  this  paper,  on  page  82,  iind  of  pn- 
cipitation  in  the  watershed,  given  on  the  next  page,  it  is  seen  thil 
mnch  greater  yields  can  be  expected  in  an  average  year.  Fnn 
this  point  of  view,  it  may  be  asked.  Why  not  make  the  reeervoiR 
somewhat  larger  tlian  merely  sufBcient  for  the  wants  of  the  yearof 
minimum  flow  and  carry  some  water  over  from  one  year  to  another, 
thus  more  nearly  attaining  an  absolute  regulation  of  the  river— not 
for  a  single  year,  but  for  a  series  of  years?  The  chief  objection  to 
this  method  of  procedure  is  that  experience  with  other  large  reserroir 
systems  is  against  other  tlian  a  moderate  development  on  this  line,  it 
having  been  repeatedly  found  that  however  high  the  flow  line,  reser- 
voirs are  likely  to  be  nearly  empty  at  the  beginning  of  the  storage 
period  of  the  minimum  year.  Experience  indicates  that  the  rainfall 
and  stream  flow  move  in  cycles,  there  being  in  each  cycle  several 
successive  years  uf  flow  above  the  average.  The  demands  for  watet 
tend  to  increase  during  the  years  of  plenty,  until  those  in  ohlig« 
apparently  forget  there  will  ever  be  a  deflciency.  The  best  pnuidffi, 
tiieref  ore,  is  to  locate  the  flow  line  with  reference  to  aboat  the 
yield,  thus  forcing  an  economy  in  the  use  of  water  from  tiie 
By  proceeding  in  this  way  provision  may  be  made  for  earryingom 
moderate  quantities  of  water  from  the  latter  end  of  the  yearnucc 
effectually  than  in  any  other  way. 
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^res  In  the  above  table  are  ubtained  by  STeranlnK  the  WBultn  obtained  at  Albany  from 
4«;  at  OtauB  Palls,  from  1870  to  ISM:  at  Keeao  Vnlley.  from  1879  tt>  ISUS:  in  weatern  Uas- 
its,  from  1g87tol8B5;  In  Nurtheru  Platoau.  from  1>*S9  to  1886;  at  Lowville  Aiadoiiiy.frooi 
IMS;  at  JobnBtown  Academy,  from  IKK  to  1845;  at  CambiidKO  Academy,  fnim  1S2I  to 
Patraeld  Academy,  from  1K2S  to  1849;  at  Oranville  Academy,  from  IKIS  to  1MB;  the  mean 
ly,  niena  Palis,  and  Keene  Valley,  from  1870  to  1896,  Although  the  CoreKolDg  flKurosare 
-on  la  detail,  later  stadlea  indicate  that  tbe  mron  rainCall  of  tbe  Iforthera  Platean  aa 
tj  J  tho  State  meteorological  bnroau  ia  the  host  rainfall  record  to  apply  to  the  opper  Hnd- 

proposed  reflation  of  lludsun  River,  as  thus  far  planned,  is 
arranged  on  the  basis  of  maintaiiiing  a  flow  of  at  least  4,500 
feet  per  se<rond  at  Mechanicville,  wliere,  as  lias  been  seen,  the 
Lge  area  is  4, 500  square  miles,  uncli  a  regulation  being  equivalent 
idueing  at  Mechanicville  a  constant  flow  of  1  second-foot  per 
)  mile.  The  relation  of  such  regulated  flow  to  the  natural 
ulated  flow  may  be  seen  by  studying  the  diagrams  of  flow  of 
in  River  at  Mechanicville  given  in  Part  I,  on  page  HI. 
■egards  the  change  in  tho  regimen  of  the  stream  due  to  storage, 
¥  be  remarJced  that  the  reservoirs  have  been  designed  on  the 
jf  giving  to  the  stream  at  least  0,5  inch  on  the  drainage  area  per 
This  amounts  to  0.45  cubic  foot  per  second  per  square  mile 
lonthof  thirty  days;  it  is  not,  however,  intended  to  state  that  the 
river  will  ever  be  as  lowasO.45  cubic  foot  per  second  per  square 
)r,  what  is  the  same  thing,  as  low  as  2,025  cubic  feet  per  second 
shanicville,  but  only  that  those  tributary  streams  on  which  the 
e  reservoii-s  are  located  may  be  down  to  this  figure.     With  0.45 
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cubic  foot  per  second  per  square  mile  always  flowing  away  from  tlie  con- 
trolled drainage  area,  the  natural  flow^  of  the  unregulated  portion  will 
usually  furnish  an  aiiditional  amount  sufficient  to  keep  the  river, 
during  the  storge  period,  up  to  nearly  the  assumed  4,5(K)  cubic  feetat 
Mechanicville ;  or  in  case  of  extreme  low  water  in  winter  other  reser- 
voirs may  be  relied  upon  to  assist  in  the  manner  already  pointed  out. 

On  the  basis  of  12  to  14  inches  available  storage,  there  maybe,  with 
0.5  inch  per  month  always  going  to  the  stream,  a  possible  total  require- 
ment for  the  year  of  from  15  to  18  inches. 

The  table  in  Part  1  of  this  paper,  on  page  82,  shows  that  the  total 
flow  for  the  water  year  1895  was  only  17.46  inches,  or  in  thai  year 
there 'might  have  been  a  shortage  if  the  reservoir  system  had  been  in 
operation  of  perhaps  0.5  inch.  Any  such  shortage  would  necessa- 
rily have  been  carried  over  from  the  year  1894,  when,  in  Kovember, 
there  was  a  run-oif  of  1.58  inches.  Allowing  0.5  inch  to  the  stream^ 
from  the  November  rainfall  alone  there  would  have  been  1.08  inches 
remaining  in  the  reservoirs  to  be  carried  over  to  1895. 

SUMMARY. 

In  conclusion,  it  may  be  said  that  it  is  entirely  feasible  to  construct 
a  system  of  reservoirs  in  the  upper  Hudson  Valley,  and  sucli  system 
may  be  designed  with  reference  to  the  full  capacity  storage  of  at  least 
1,300  8<[uare  miles  of  area,  or  47  per  cent  of  the  total  area  aliove  Glens 
Falls.  Such  control  would  result  in  the  material  reduction  of  AchmIs 
at  Glens  Falls  and  other  points. 

The  proposed  total  storage  of  45,50:5,000,000  cubic  feet  would  main- 
tain 4,500  cubic  feet  per  second  flow,  as  well  as  supply  the  other 
neeessary  demands,  in  the  driest  season  of  the  gaging  period.  The 
discharge  measurements  show  that  whereas  the  minimum  unregulated 
flow  at  Glens  Falls  is  as  low  as  900  cubic  feet  i)er  second  for  a  mouthly 
mean,  with  the  storage  carried  out,  the  probable  monthly  mean  flow 
at  Glens  Falls  will  be  at  least  3,oOO  to  3,000  cubic  feet  per  second. 
The  minimum  regulated  flow  of  4,500  (uibic  feet  per  second  at  Mechan- 
icville will  increase  the  low-water  depth  in  Hudson  River  at  Albany 
about  1.0  feet. 

The  diversion  of  watm*  for  the  use  of  Cham  plain  Canal  is  an  injury 
to  the  wat(M*  i)ower  at  Glens  Flails  and  lower  points  on  the  river. 
Since  water  pow(M-  is  much  cheaper  than  steam  power,  the  taking  of 
the  water  of  th(>  river  away  from  the  manufacturers  is  a  serious 
matter.  In  th<'  fourteen  years  from  1882  to  1805  the  use  of  water 
power  on  Hudson  Riv(»rhas  in<M*eased  from  a  total  of  12,894  net  horse- 
power in  1882  to  43,481  noX  horsepower  in  1805,  an  increjise  of  237  ^kt 
cent. 

The  upper  Hudson  storage  system  is  estimated  to  cost  from  *t>0  to 
$70  per  million  cubic  feet  stored,  a  sum  ('onsiderably  less  than  the 
cost  of  manv  other  sys\ems. 
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DEVBIiOPMENT  OF  WATER  POWERS. 

POWER  DEVELOPMENT  AT  NIAGARA  FALLS. 

The  possibility  of  water-power  development  at  Niagara  Falls  has 
ttracted  attention  for  many  yeai*s,  the  first  utilization  there  having 
een  made  in  1725,  when  the  French  erected  a  sawmill  near  the  point 
here  the  Pittsburg  Reduction  Company's  upper  works  now  stand  for 
le  purpose  of  supplying  lumber  for  Fort  Niagara.  Between  1725  and 
le  early  years  of  the  present  century  little  is  known  of  the  use  made 
f  Niagara  Falls  power  further  than  that  sawmills  were  in  operation 
lere  during  the  whole  period.  In  1805,  however,  Augustus  Porter 
uilt  a  sawmill  on  the  rapids,  and  in  1807  Porter  &  Barton  erected  a 
ristmill.  In  1817  John  Witmer  built  another  sawmill  at  Gill  Creek, 
id  in  1822  Augustus  Porter  built  a  gristmill  along  the  rapids  above 
e  falls.  From  that  year  to  1885,  when  ^the  lands  along  the  river 
3re  taken  for  a  State  park,  a  considerable  amount  of  power  was 
veloped  by  a  canal  which  took  water  out  of  the  river  near  the  head 

the  rapids  and  followed  along  the  shore  nearly  parallel  with  the 
nk  of  the  river.  Mills  were  built  between  this  canal  and  the  river, 
d  a  part  of  the  50-foot  fall  between  the  head  of  the  rapids  and  the 
Ink  of  the  American  Falls  was  thus  utilized.  A  paper  mill  was 
ilt  on  Bath  Island  at  an  early  date. 

In  1842  Augustus  Porter,  one  of  the  principal  mill  owners  at 
agara  Falls,  proposed  a  considerable  extension  of  the  then  exist- 
^  system  of  canals  and  races,  and  in  January,  1847,  in  connec- 
m  with  Peter  Emslie,  he  published  a  formal  plan  which  became 
ei  subject  of  negotiations  with  Walter  Bryant  and  Caleb  S.  Wood- 
ill.  An  agreement  was  finally  reached  by  which  they  were  to 
nstruct  a  canal  and  receive  a  plot  of  land  at  the  head  of  the 
rial,  having  a  frontage  of  425  feet  on  Niagara  River,  together  with 
right  of  way  100  feet  wide  for  the  canal  along  its  entire  length  of 
IrOO  feet,  and  about  75  acres  of  land  near  the  terminus,  having  a 
ontage  on  the  river  below  the  falls  of  nearly  a  mile.  The  canal 
xistructed  under  this  agreement  passes  through  what  is  now  the 
08t  thickly  settled  part  of  the  city  of  Niagara  Falls. 
Oround  was  broken  by  Messrs.  Bryant  &  WoodhuU  in  1853  and 
«work  carried  on  for  about  sixteen  months,  when  it  was  suspended 
^*  lack  of  funds.  Nothing  further  was  done  until  1858,  when  Stephen 
^en  carried  the  work  forward  for  a  time;  later,  in  1801,  Horace  II. 
^-y  took  up  the  matter  and  eomi)leted  a  canal  3G  feet  wide,  8  feet 
&p,  and  4,400  feet  long,  by  which  the  water  of  the  upper  river  was 
^Ught  to  a  basin  near  the  brink  of  the  high  bluff  of  the  lower  river 
^1  at  an  elevation  of  214  feet  above  the  lower  river.  Upon  the  margin 
t^liis basin  various  mills  have  been  constnu^ted,  to  the  wheels  of  which 
t^T  is  conducted  from  the  canal  and  discharged  through  the  bluff 
o  the  river  below.  The  first  mill  built  on  this  hydvaviUe  <ia.\\al  v^vi*%^ 
mi  frristmill,  erected  by  Charles  B.  GaskiW  m  \^1^  ow  \Xv^  ^vV^  ^"^ 

present  large  flouring  mill  of  the  Cataract  'MWWu^  Cv^mv^^w^J  • 


136        WATER  RESOURCES  OF  ^jTATE  OF  NEW  YORK,  PART  H.    Iso-  - 


XlA'-.VRA  FALLS  HYDRAULK    PijWER  AXD  MAXUFACTLTIIXG  COMPAJT 

In  1^77  the  hyilniulk'  (.-anail  and  all  it8  appurtenances  wen?  pu 
chastnl  l»y  Jai.Tili  F.  S.-hi.ienki»pf  ami  A.  Chesbroiigh,  of  .Buffalo,  wj 
«in;aniz^l  tht>  Nia;rara  Falls  Hydraulic  Power  and  Manufacturii 
CuiiiiKiiiy.  uf  which  Mr.  >c-hoellkopf  is  slill  president.  The  followii 
is  a  list  iif  ci.iuipanies  cither  now  sujiplied  or  to  be  suijplied  with  pour 
by  thf  Nia;jrara  Falls  Hydraulic  Power  and  Manufacturing  Cumpan 

'A>i/>r/»«r#iiJ</i»Wi»y  yUvfani  Fnil*  Hydranlic  Potter  a  mi  ManufacturiMj  Compaq 

WATER  POWER. 


O.tmpany. 


Bnsl 


Central  Milling:  Co Flouring  mill 

X.  Wood  Paper  Co [  Paper  and  pulp. .. 

Schoellkopf  &  Mathews   Flooring  mill 

Pettebone  Cataract  Manuf actnring  Co .   I'aper  and  pulp 

CatanK-t  MiUiug  Co  Flour 

Xia^rara  Falls  Waterworks 

Th'  ima8  E.  McGarif^le Machine  shop 

Cliff  Paiier  Co Paper  and  paip. . . 

Total ! 


ELECTRIC  POWER. 


Pitts!  rarj?  Rt-diiction  Co I  Aluminum 

Nia^'ara  Falls  and  Lt- wist  on  R.  R.  Co    

Cliff  Paii^T  Co Paj^er  and  pulp 

Lewi>t()n  ami  Ynunirsstown  K.  R.  Co 

Buffalo  and  Nia.Lcara  Falls  Electric     Light  and  jwwer  . 

Li^lit  and  I^owt-r  (  o. 

Niagara  Falls  1  Jrewing  Co 

Rodwf  11  Manntactnring  Co         ...    ... 

Sundry  Muall  custrmn-rs  in   Niagara 

Falls. 

Francis  Hoi  »k  and  Eyr  Co Hooks  and  eyes 

Kflly  and  MrHean  Aluniinum  Co  . . 
The  National  Ei«H*trolvtic  Co 


Silver  plating,  etc 


Alnmiiinm 


Total      I 

I 

MECHAXKAh  PoWKH  Fl'KXISHED  ON  SHAFT. 


Oneida  Co..  Liniit»'d 


CarttT-Cruni  Co 


I 


SilvcT-plateil  ware 

and  chains. 
Check  hooks... 


Hone-    . 
Iiowwr. 

1.000 
oOO   , 
1M)0 

2.000  i 

400 

•300 


25 


2.000 


1,030 


3,501) 

4<X) 
30^1 

2<»ii 

l-'itf 

r» 

l.l.NHJ 


0.  «i"»5 


;;<M» 


Trt) 


Total 


:m 


Grand  lota\ 


,  \\:^:'^N 
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Tlie  contract  made  in  1S6-2  between  Angiistas  Porter,  Walter 
'j'ant,  and  Caleb  J.  Woodhull  only  conveyed  lands  to  the  edge  of 
e  high  bank  of  Niagara  River,  but  did  not  include  the  talus  or  slope 
tw^n  the  edge  of  the  high  bank  and  the  river;  and  only  granted 
e  right  to  excavate  100  feet  down  the  face  of  the  bank.  In  1852, 
lien  this  contract  was  made,  the  use  of  water  power  under  higher 
'Ma  than  100  feet  was,  so  far  as  the  United  States  was  coucemed, 
itirely  unknown.  Until  recently  the  mills  at  Niagara  Falls  have 
It  attempted  to  use  more  than  SO  or  tK)  feet  head;  hence  it  resulted 
lat  although  the  capacity  of  the  Niagara  Falls  Hydraulic  Power  and 


ianafacturing  Company's  canal,  as  at  first  construeled,  was  sufficient, 
f  development  of  the  whole  head,  to  produce  about  15,000  horse- 
ttwer,  under  the  original  agreements  its  capacity  was  exhausted  when 
Xrat  7,000  horsepower  was  produced. 

In  1892  the  Niagara  Falls  Hydraulic  Power  and  Manufacturing 
>mpany  began  an  enlargement  and  improvement  of  its  canal.  The 
an  adopted  was  to  widen  the  original  channel  at  one  side  to  70  feet, 
d  make  the  new  part  14  feet  deep.  This  work  is  out  entirely 
Pongh  rock,  below  the  water  line.  The  enlargement  of  one  side 
>«  completed  in  18!>6.    The  canal  as  enlarged  to  ds.t«>  Yia&  a.«».^»fi.\.^ 
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of  about  3,00( »  eiibie  foi4  per  second,  giving,  under  present  conditions, 
a  total  of  from  4<),iK)0  to  50,(KX)  horsepower,  the  cross  section  liein? 
about  4<X)  square  feet. 

This  company  has  a  grant  from  the  StAte  of  the  right  U^  draw  from 
Niagara  River  as  much  wat^r  as  can  be  t^iken  through  a  canal  l"" 
feet  wide  and  14  feet  deep.  Work  on  further  enlargement  is  now  in 
progress,  and  it  is  (expected,  within  a  year  or  two,  to  have  a  total  of 
alx)ut  075  feet  area  of  water  section. 

To  July  1,  1«07,  al)ont  100,000  cubic  yards  of  material  had  been 
taken  out  at  a  cost  of  <?250,(X)0,  the  average  cuttings  in  the  original 
canal  from  the  snrface  of  the  ground  to  the  surface  of  the  water  being 
alK)ut  8  feet. 

The  development  now  in  process  ])y  this  company  is  very  interest- 
ing.    A  bulkhead  is  kxiatod  at  the  top  of  the  high  bank  with  a  fore 
bay  ba(*k  of  it  connected  with  the  main  hydraulic  canal  by  a  short- 
branch  cAual.     Fn)m  the  fore  bay  a  large  penstock  leads  vertically 
down  the  cliff  to  a  power  liouse  located  directly  on  the  shore  of  the 
lower  river.     In  this  power  house  horizontiil  turbine  water  wheelsare 
placed,  \\ith  dynamos  directly  connected,  the  power  therefrom  being 
transmitt<3<l  either  to  the  mills  on  the  bluff  above  or  to  establishments 
at  a  distance.     (See  PI.  VII  and  fig.  2.)     This  company  expects  socm 
to  transmit  several  thousand  hoi'sepower  to  Buffalo.*    Without  taking 
into  account  the  cost  of  water  in  the  CAiial,  the  cost  of  the  "develop- 
ment of  power  in  the  way  in  which  it  is  now  being  developed  by  this 
company  may  b<*  placed  at  ^.'^5  per  horsepower. 

NIAGARA    FALLS    POWER   COMPAXY. 

Th<»  Niiigara  Falls  Power  Company  has  develojwd  an  extensiv*^ 
l)lant  oil  quite  dilTercnt  lines  from  that  of  the  Niagara  Falls Hydniu'.io 
Power  and  Manufacturing  Company.  In  1883  to  1885  ITiomas  Ever- 
shed,  who  was  at  that  time  division  engineer  of  the  western  di\isiun 
of  the  New  York  State*  canals,  was  called  on  to  survey  Niagara  Fa'.l> 
Park  Reservation,  as  i)r()vi(iecl  for  by  act  of  the  legislature.  This  !o«l 
Mr.  Evershed  to  spend  considerable  time  at  Niagara  Falls,  duriiij: 
whicli  he  cimeeived  the  project  of  ecmstructing  a  tunnel  to  begin  «V. 
the  lev(»l  of  the  lower  rivei-and  extend  under  the  citv  of  NiasraraF.nlU 
for  a  distan<.*e  of  al)out  2.1  miles.  (See  lig.  3.)  This  tunnel,  as  pn> 
l)0sed,  was  to  l>e  generally  parallel  to  the  Niagara  River,  but  at  some 
little  distance  from  it.  At  its  head  and  at  various  points  along  the 
riv(»r  from  above  Port  Day  it  was  jnoposed  to  construct  branch  CAnal> 


'  For  furthor  dctailH  or  tho  Niagara  Falls  Hydraulic  Powor  and  Mnuufactnrmg  Company.^'*' 

(1)  Po\v««r  dovc*loi»ment  i>f  Niatjara  FalN,  otht'V  thau  that  of  the  Niagara  Power  Coto;*ry. 

by  W.  ('.  Johnson:  Trans.  Engineers'  S«Mnoty  of  West<?rn  New  York,  Vol.  I,  Kt).  G  ^FeK-v  \^'*  ■ 

ci)  Niagara   Falls  Ilydraulie  Power  ami   Mannfa<'turiug  (^om])any's  new   work,  liy  Orrin  T. 

Dunlup:  Ele<rtrical  Engineer,  Vol.  XX  « l)«'<-.  \.  Isi).')i:  (.{)  oM  hydran lie  iH>wer  plant  at  Niacir* 

FuUs  ti'aijsfnriijed  for  ele«-tr\<'a\  \yuusi'v\\>s\ow.\»>-  v^tt\w  ?..\)\\ula\i:  Wostorn  Ele«'trieian.  V  • 

A7A'  t  I)vt'.  .">,  ISIN).;  (-1)  Pulp  m\\\  o^  t\\e  0\\«  Vvvv^'v  V'vm\\YvVTi>s  v^^"S.\vMfj\xvw^v2^,'X,»w  Y-.rk. '.• 

W.  <\  Johnson:  Trans.  Am.  Sih-.  eW\\F.u>;.,Ni>\.y.'S.N.\\  w^\\>ft.A^Vv 
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ecting  with  the  livpraml  through  which  water  could  be  taken,  t« 
scharged  upon  turbine  wheels  placed  in  vertical  wheel  pits  and 
ccted  with  the  tunnel  at  various  iioints. 

e  Niagara  River  IFydraulie  Tunnel,  Power  and  Sewer  Company 
iagara  Falls  was  innorporated  in  188C  for  the  purpose  of  con- 
iting  and  operating,  iu  connection  with  Niagara  River,  a  hydraulic 
el  or  subterranean  sewer  for  public  use  in  the  disposal  of  sewage 
;lrainnge  and  for  furnishing  hydraulic  power  for  inanufacluring 
OSes  in  the  town  of  Niagara  Falls.  In  consideration  of  the  public 
oe  of  sewerage  and  drainage,  this  company  was  authorized  to 
in>  I'lnd  by  condemnation. 
n^  general  plan  of  development  is  describoti  by  Mr.  Evershed  in 


[lort  made  July  1,  18%,  in  which  he  states  that  the  main  tunnel 
id  begin  at  a  point  on  the  lower  river  immediately  north  of  the 
e  reservation,  with  its  mouth  as  low  as  high  water  below  the  falls 
Id  permit.  From  this  point  to  half  a  mile  above  Port  Pay  it  should 
;  a  rise  of  1  foot  in  100,  or  52.8  feet  per  mile,  and  a  section  above 
I  Day  equivalent  to  a  circle  24  feet  in  diameter,  the  tunnel  gradu- 
dimlnishing  in  sizo  in  accordance  with  the  number  of  mills  empty- 
tail-water  into  it,  until  at  the  upper  end  it  would  have  the  same 
I  of  cross  section  as  the  connecting  cross  tunnels. ' 
tie  matter  remained  inalK-yance  until  lS8ft,  when  the  Niagara  Falls 

ie  Nfogsn  River  HydrsDlla 
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Power  Company  was  orpmizecl  to  carry  out,  in  elTeet,  Mr.  PIvLTslitHi's 
plan.  The  actual  work  of  const ruttl ion  was  undert<aken  liy  the  Cata- 
ract C'onst ruction  Company,  comiM)sed  of  William  I>.  Rjiukino.  Frauds 
Lynde  Stetson,  Piorpont  Morj^an,  Hamilton  McK.  Twonibly,  Edwanl 
A.  Wickcs,  Morris  K.  Jesup,  Darius  Ojrden  Mills,  Charles  F.  Clarkr, 
Edwaitl  1).  Adams,  Charles  Lanier,  A.  J.  Forlws-Leilli,  Walter  How.*. 
John  Crosl)y  Brown,  Frederick  W.  Whirtridjrt*,  William  K.  Vander- 
bilt,  (Tcorge  S.  IJowdoin,  Joseph  Laroeque,  John  Jacob  Astor,  and 
Charles  A.  Sweet.  This  company'  has  modified  the  original  pUnsiu 
some  parti(*ulars,  although  the  general  scheme  has  been  carried  out. 

The  plan  linally  determined  on  comprised  a  surface  canal  250  feet 
in  width  at  its  mouth  on  the  river,  1^  miles  above  the  falls,  extendin;; 
inwardly  1,7(K)  feet,  with  an  average  depth  of  12  feet,  and  oompat«d 
to  furnish  water  sufficient  for  the  development  of  about  120,000 hone- 
power.  The  masonry  walls  of  this  canal  are  pierced  at  intervals  with 
inlets,  guanled  by  gates.  Some  of  these  are  used  to  deliver  water  to 
tenants  who  construct  their  own  wheel  pits  and  set  their  own  wheek. 
while  10  of  them  are  arranged  on  one  side  of  the  canal  f or  the  piiip(K^ 
of  delivering  water  to  the  wheel  pit  of  the  Niagara  Falls  Power  Com- 
pany's power  station,  where  dynamos,  placed  at  the  top  of  turbine 
vertical  shafts,  generate  electricity  for  transmission.  The  wlie«*l  i»it 
at  the  power  station  is  17S  feet  in  depth  and  conn€^cte^l  with  the  main 
tunnel  by  a  short  cross  tunnel.  The  main  tunnel  as  carried  mit  1i;l< 
a  maximum  height  of  21  feet  and  a  width  of  18.82  feet,  makiuir  a  m' 
secti<m  of  3Si;  scjuare  feet.  The  slope  of  this  tunnel  is  r»  feptt«iili^ 
thousand. 

Th(»  most  careful  consideration  was  given  to  the  subject  of  tlietiir- 
l)ines  t()  !)(»  used,  as  well  as  to  the  (jnestion  of  power  transiiii.N>!"'i 
In  isuo  K<lwa!"d  I).  Adanis,  who  was  th(»n  president  of  the  c<)nii>any. 
established  an  International  Niagara  Commission,  with  power  t^mff^'f 
$2(),(H)()  in  prizes.     This  commission  consisted  of  Sir  William  ThoiiN'H 
(now  Lord  Kelvin),  J)r.  Coleman  Sellers,  LitMit.  Col.  Theodore  Turr-- 
tini,  Prof.  K.  Mascart,  and  Prof.  W.  C-.  Tiiwin.     In<iuiries  conoeriiiHr 
tlu^  best-known  methods  of  dev(»lopmcnt  and  transmission  of  iMnvc-riii 
England,  Frnnc<»,  Switzcrlan<l,  an<l  Italy  were  made,  and  comix^titiv'- 
plans  w(»rc  received   from    twenty  carefully  selected   engineers  an<l 
manufacturers  of  powcM*  i)lanls  in  pjigland,  Europe,  and  Aiiuwa 
These  plans  wtMc  submitted  to  the  commission,  wiiich  awartU^l  prizf> 
to   thos(»   consi<hM<Ml    worthy.     The   most   important    result   was  tiii- 
selection  of  the  designs  of  Faesch  and  Piccard,  of  (xeneva,  for  tur- 
bines comimted  to  yi<*l<l  iijnn^  horse[K)wer  each.     Three  wheels  havr 
Imm'U  built   from  these  designs  au<l  an*  now  in  place  and  it.*gularly 
operated. 

Without  going  into  details  of  the  electrical  AV()rk,  it  mav  Ix*  statfi 
ihni  the  Niagara  FaWs  \V>\vev  CuuvvKiny  a<lopted  the  two-phase  all*'- 
im  /  / /ig  c  1 1  rre 1 1 1   sy st  i ' \a\  us  \>es\  \\v\\v\A v^v\  \ v^  \Vs  w v^v^5w .    \w  vVv,.  , i y na ir.- »> 
omployi'd   the   lu'ld    AUi\vrx\e\    avvoXw^s  \\\s\vn\v\  v^l  Ww^   "ivwwwwwv^ ,  V 
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advised  by  the  company's  electrical  engineer,  Prof.  George  Forbes,  of 
Liondon,  three  such  dynamos,  of  5,000  liorsepower  each,  constructed 
by  the  Westinghouse  Company,  of  Pittsburg,  have  been  Installed. 
I>uring  the  summer  of  189G  a  transmission  line  was  constructed  from 
Niagara  Falls  to  Buffalo,  and  since  November  of  that  year  some  of  the 
street  railways  in  Buffalo  have  been  operated  electrically  by  power 
trom  Niagara  Falls. 

According  to  a  statement  of  William  B.  Rankine,  secretary  of  the 
Cataract  Construction  Company,  the  power  furnished  or  contracted 
^>r  by  the  Niagara  Falls  Power  Company  July  1, 1897,  was  as  follows: 

Power  furnished  by  the  Niagara  Falls  Power  Company, 

HYDRAULIC  POWER. 


Company. 


Niagara  Falls  Paper  Company 


BuaineH8. 


Paper. 


Horse- 
power. 


7,200 


ELECTRIC  POWER. 


Pittsbnrg  Redaction  Company 

The  Carbomndnm  Company 

Acetylene  Light,  Heat,  and  Power  Company . 

BnflEalo  and  Niagara  Falls  Electric  Light 
and  Power  Company. 

Walton  Fergnson 

Niagara  Electro-Chemical  Company 

Buffalo  and  Niagara  Falls  Electric  Railway. 

Niagara  Falls  and  Sospension  Bridge  Rail- 
way Company.a 

Buffalo  Street  Railway  Company 

Acetylene  Light,  Heat,  and  Power  Company  6 

Mathieson  Alkali  Works  c 

Buffalo  Street  Railway  Company 

Buffalo  General  Electric  Company  d 

The  Carborundum  Company  e 

Niagara  Falls  Water  Works  Company 

Power  City  Foundry  and  Machine  Company. 

Albright  and  Wilson 

Total  hydraulic  power  sold  at  Niagara  Falls. 
Total  electric  power  sold  at  Niagara  Falls  . . 
Total  electric  iwwer  sold  at  Buffalo  . .  

Total 


Aluminum 

Abrasives 

Calcium  carbide 
Local  lighting  . . 


Chlorate  of  potash 

Peroxide  of  sodium 

Local  railway 

do 


22-mile  transmission 

Calciuiu  carbide 

Soda  ash 


Lighting 
Abrasives 


Electro-chemicals 


8, 050 

1,000 

1,075 

500 

500 
400 
300 
250 

1.000 

4,000 

4,000 

1,000 

3.000 

1,000 

45 

25 

400 


7,200 

14, 545 

5, 000 


26. 745 


a  All  from  October  1,  1896. 
bFrom  delivery,  aay^  Noremlwr  1.  VtfSfi. 
cFrom  June  i,  1907. 


d  From  November  15, 188T, 
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Recapitulation  of  the  total  power  in  use  or  furnished  from  Niagan 
Falls  January  1,  1808,  shows  the  following  amounts: 

Hydraulic  power:  Honepovcr. 

Niagara  Falls  Power  Company 7.2W 

Niagara  Falls  Hydranlic  Power  and  Mannfactnring  Company 7,5S 

Electric  power: 

Niagara  Falls  Power  Company 19.545 

Niagara  Falls  Hydraulic  Power  and  Manufacturing  Comjiany 6.3S 

Mechanical  power: 

Niagara  Falls  Hydraulic  Power  and  Manufacturing  Company 811 

Total -- 40.» 

The  large  demand  for  power  from  the  Niagara  Falls  Power  Com- 
pany has  necessitated  the  enlargement  of  the  wheel  pit  and  power 
house  to  more  than  three  times  their  present  capacity.  The  work  upon 
this  enlargement,  sufficient  to  provide  35,(XX)  additional  horsepower, 
has  been  in  progress  since  June,  1896,  and  is  now  approaching  coin- 
pletion.  With  the  completion  of  this  extension  the  Niagara  Falb 
Powder  Company  will  have  available  50,000  horsepower;  a  portion  of 
the  increased  power  was  ready  for  delivery  January  1,  1898. 

The  50,000  horsepower  developed  when  the  present  extension  is  com- 
pleted represents  but  one-half  of  the  capacity  of  the  present  tunnel. 
This  company  has  further  secured  the  right  of  way  for  a  second  dis- 
charge tunnel,  so  that  when  the  demand  for  power  shall  render  it 
necessary  the  present  plant  may  be  duplicated,  thus  furnishing  200,000 
horsepower  in  all.     In  addition  to  this  large  development  on  the  Amer- 
ican side,  the  Canadian  Niagara  Power  Company,  an  allied  corpora- 
tion, now  holds  fi'om  the  Canadian  government  an  exclusive  franchise 
granting  to  it  the  right  to  develop  on  the  Canadian  side  at  least  25<VA*) 
horsepower.     The  total  possible  power  proposed  to  be  developed  in 
the  future  at  Niagara  Falls  is  about  as  follows:  ^ 

Power  jwoposed  to  he  developed  at  Niagara  Falls. 

Hor«pov*r 

Niagara  Falls  Power  Comi)any*s  present  tiiDiiel _ lOCMXiO 

Niagara  Falls  Power  ('ompany's  second  tunnel 100, iW> 

Niagara  F«alls  Hydraulic  Power  and  Manufacturing  Company's  canal I.tO.OO") 

Canadian  Niagara  Power  Company's  tunnels 2.50. 000 

ToteL - (500.000 


The  developments  now  in  progress  at  Niagara  Falls  are  IxMiigcar- 
ricMl  out  (m  veiy  broad  lines  and  probably  furnish  the  best  examples 
of   modern    hvdraulic    work.      Thev   certainlv   lead    so    far   jis  the 

'  For  an  interostinp  discussion  a.s  to  the  effect  of  diverting  largre  quantities  of  water  from 
Niagara  River  for  power  i)uriioses,  see  rejiort  of  Clemens  Herschel,  made  Deceml)er  1-,  !<&.<« 
the  Diversion  of  Water  from  tlie  Niagara  River  for  Power  Purposes  1)$-  the  Niagara  F»Ils 
Hydranlic  Power  and  Manufacturing  Company  and  by  the  Niagara  Falls  Power  Companr.aa'l 
the  I'nimportant  Effect  of  such  Diversion  uixni  the  River.  Mr.  Hersckel  Imses  his  dlscusJOOD  oo 
the  datn  n[  th*:*  Lake  Survey  ol  an  c»YOima.Tv  awd  wswal  flow  of  *J(V5,0lX>  cubic  feet  per  second.    R'* 

Honing  iroiu  this  promise  he  conc\\ideH  \.\vAt  i>\'vn\  \\\w\\  ?j:i^.^x\  vvc  NS«n.vX*s  \v»r^«\)ower  are  in  Q* 

tbo  otToct  upon  the  depth  of  tho  rWor  vfU\  U*  \\\s\v^\\\V\c^tvV. 
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inited  States  is  concerned.  A  complete  account  of  l)oth  works,  giv- 
ig  details  of  all  the  engineering  features,  would  make  a  large-sized 
lonograph.  From  this  jKjint  of  view  it  is  only  iH)ssible  to  cite  some 
f  the  sources  of  information.* 

POWER   PLANT   AT   MASSENA,  ON    ST.   LAWRENCE   RIVER. 

Among  the  large  power  developments  now  under  construction  in 
le  State  of  New  York  is  that  at  Massena,  on  St.  Lawrence  and 
rrass  rivers.  According  to  statements  made  by  John  Bogart.,  con- 
fllting  engineer,  the  power  plant  now  under  construction  at  Mas- 
?na  includes  the  excavation  of  a  canal  leading  from  St.  Lawrence 
liver  to  Grass  River,  a  distance  of  3  miles,  the  building  of  a 
ower  house,  the  installation  of  fifteen  o,000-horsepower  electric  gen- 
raters,  and  the  necessary  equipment  of  turbine  water  wheels.  The 
irnishing  of  the  electric  apparatus  has  been  awarded  to  the  West- 
ighouse  Electrical  and  Manufacturing  Company,  and  is  said  to  be 
le  largest  contract  for  electric  apparatus  ever  placed. 
The  plan  of  development  adopted  at  Massena  is  to  divert  a  portion 
I  the  water  of  St.  Lawrence  River  from  its  natural  channel  by  means 
f  a  canal,  carrying  it  3  miles  across  to  Grass  River,  where,  after 
perating  turbines,  it  will  pass  by  way  of  Grass  River  to  the  St. 
awrence  at  a  jKjint  lower  downstream.  Just  below  where  the 
mal  takes  water  from  St.  Lawrence  River,  Long  Sault  Rapids  are 
»cated,  which  have  a  fall  of  about  50  feet.  Grass  River  runs  nearly 
&rallel  to  the  St.  Lawrence  for  several  miles,  flowing  into  the  St. 
awrence  a  short  distance  below  the  foot  of  Long  Sault  Rapids.  To 
le  south  of  St.  Lawrence  River,  and  between  it  and  the  valley  of 
rass  River,  there  is  a  comparatively  level  plateau. 
The  average  width  of  Grass  River  from  its  mouth  to  above  where 
le  power  canal  will  intersect  it  is  from  250  to  300  feet,  and  its  water 
irface,  for  this  portion,  is  substantially  on  a  level  with  the  St.  Law- 
mce  below  the  rapids;  hence  the  surface  of  Grass  River  at  the 
oint  where  the  power  canal  strikes  the  stream  is  from  45  to  50  feet 
Blow  the  surface  of  the  St.  Lawrence  at  the  head  of  the  canal.  The 
ower  station  will  be  located  on  the  north  bank  of  Grass  River,  the 
iil-water  dropping  into  that  stream,  which  thus  becomes,  in  effect, 
tailrace  for  this  power  development.  Making  some  allowance  for 
lereased  depth  of  water  in  Grass  River  between  the  power  station 
nd  its  mouth,  when  receiving  the  tail  water,  and  also  some  allowance 


*The  main  facts  in  re8:ard  to  the  plant  of  Niagara  Falls  Power  Company  as  herein  emlxxiied 
vre  been  furnished  by  L.  H.  Groat,  secretary  of  the  company.  For  more  extended  informa- 
on  the  reader  is  referred  to  (1)  Gaasier's  Magazine,  Vol.  VIII  (July,  lHUr>),  where  may  be  found 
laeoonnt  of  nearly  every  phase  of  the  Niagara  Falls  Power  Company's  development;  (2)  The 
^Mstrical  World.Vol.  XXX  (Oct.  23, 1897),  which  may  be  consulted  for  a  description  of  the  exten- 
OQof  the  wheel  pit  now  in  process;  (3)  Niagara  Falls  i)ul)liaition  of  the  Niagara  Falls  Chamber 
■  Commerce,  issued  in  1807;  (1)  the  various  numlx?rs  for  18J»7  of  (Greater  BuffaU»,  a  monthly 
i^^cation  devoted  to  promoting  the  prosperity  of  Buffalo  and  Niagara  Falls.  Eugine(*ring 
^mand  other  technical  journals  may  also  be  consulted. 
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for  inclination  of  the  wator  surface  of  the  head  canal,  it  is  tlioughtthat 
an  absolutely  permanent  power  of  about  40  feet  >*ill  he  obtained. 

The  work  of  constructing  the  head  canal  and  preliminan*  work 
on  the  foundations  of  the  power  house  are  now  under  way.  It  is 
expected  that  the  work  will  be  completed  in  1899.  The  canal  will  be 
250  feet  wide  and  25  feet  deep,  this  capacit}'  being  assumed  as  suffi- 
cient to  furnish  150,000  horsepower.  The  work  is  being  carried  oot 
by  the  St.  Lawrence  Power  Company,  which  was  organized  underth« 
laws  of  the  St^te  of  New  York,  with  a  capital  stock  of  #<],(XX),O00. 
According  to  statements  made,  a  large  amount  of  power  has  been 
taken  by  an  English  syndicate,  which  intends  to  use  it  chiefly  for 
electro-chemical  manufacturing. 

INIiAND    WATKTIWAY8. 

TRADE  AND  COMMERCE  OF  HUDSON  RIVER. 

The  importance  of  Hudson  River  as  a  great  waterway  of  coramerce 
is  shown  by  Mr.  Charles  G.  Weir  in  a  report  made  in  1890.    iVside 
from  its  own  local  trade  the  river  absorbs  all  the  traflBc  of  the  Erie, 
Champlain,  Delaware,  and  Hudson  canals,  besides  the  great  coal  trade 
of  the  Pennsylvania  Coal  Company  at  Newburg  and  the  Erie  coal 
trade  at  Piedmont.     The  average  season  of  navigation  of  the  river  is 
two  hundred  and  forty  days.    The  two  principal  industries  on  Hudson 
River,  which  add  materially  to  the  total  tonnage,  are  ice  and  brick. 
The  capacity  of  the  ice  houses  on  and  near  the  river  exceeds  4,000,000 
tons,  and  tho  aiiiouiit  annually  harvested  is  about  3,500,000  tons.    The 
bricks  manufactured  on  the  river  exceed  850,000,000. 

'J'he  following  statistics  include  the  tonnage  receive<l  at  all  i>oint<J 
above  Si)uyten  Du^'vil  Creek,  and  of  the  local  shipment  l)etween 
points  on  tlie  river.  That  shipped  is  credited  only  to  the  points  from 
which  it  was  shipped,  no  entry  being  made  to  the  totJiil  tonnage  <tf  the 
amount  recMMved  at  local  points  from  other  local  points.  The  total 
tonnage  also  includes  all  through  freights  shipped  from  iKnntsup  the 
riv(M*  that  passed  the  mouth  of  Spuyten  Duyvil  Creek  going  south. 

Tonnage  and  value  of  eommeree  on  Hudson  Rh^'r  nhoi-'c  Spuyten  Dutftvl  Cr>^k. 

Total  tonnage  of  all  shipping  points  on  Hudson  River  dnring  IS89, 

not  including  the  tonnage  coming  through  State  canals  (tons)  . . .       lo^O^J.^i)!* 

Value  of  same $378.  \%M 

Total  tonnage  coming  to  and  leaving  tide  water  through  State  canals, 

1881)  (tons) 3.r»9*2,4:n 

Value  of  same _ $iOI.  (KXJ.OiW 

Increiise  of  same  over  tonnage,  1  s8S  ( tons) ;t?6. 4»>6 

Grand  total  tonnage  of  Hudson  River,  including  tonnage  through 

State  canals  (tons) . .       18. r»8'3, .i9»5 

Value  of  same . .        . .    . . $48r>.  73^).  "I^ 

Nuin))er  of  transportation  com\)aTiies  for  ])assengers  or  freight,  not 

i/jcindiijg  steamboats  or  \Aei\H\\Tv>  \^ovvVs .  _ . :;!• 

Total  nuniljer  of  passeugevft  caYv\e.v\,  \>^^'.>  ^,^^uim' 
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In  regard  to  the  foregoing  statement  of  the  capacity  of  ice  houses 
I  and  near  the  river,  as  made  by  Mr.  Weir,  it  may  be  remarked 
lat  Charles  C.  Brown,  in  a  report  on  Hudson  River,  which  appears 
i  the  Eleventh  Annual  Reiwrt  of  the  State  BoanI  of  Health,  gives  a 
stof  ice  houses  on  Hudson  River,  with  their  capacity  in  1889.  Ac- 
)r(ling  to  Mr.  Brown,  the  total  capacity  in  that  year  was  2,908,000 
)iis,  while  the  crop  harvested  frequently  exceeds  this  quantity  by 
30,000  tons,  which  is  stackeil  up  outride  and  disposed  of  before  the 
'arm  season  begins.  Mr.  Weir's  statistics,  as  stateil,  include  the 
apacity  of  ice  houses  on  and  near  Hudson  River,  while  Mr.  Brown's 
idude  only  those  actually  on  the  river,  which  probably  explains  the 
pparent  discrepancy  in  the  statistics. 

STATE    CANALS. 
EARLY   HISTORY. 

The  idea  of  a  water  communication  l)etween  Hudson  River  and 
be  West  via  the  valley  of  tlie  Mohawk  had  l>een  a  favored  one  with 
be  statesmen  of  New  York  for  many  years  previous  to  the  beginning 
f  the  present  century;  the  early  pi*ojects,  however,  were  altogether 
rith  reference  to  impn>vement  of  the  natural  water  channels  and  did 
lot  include  the  construction  of  artificial  channels  further  than  such 
hannels  might  be  necess^iry  as  connecting  links.  Thus  Sir  Henry 
loore,  governor  of  the  colony  of  New  York,  proix>sed,  in  December, 
768,  an  improvement  of  the  navigation  of  the  Mohawk  River  at  Little 
''alls  by  a  sluice  on  the  plau  then  used  on  the  Languedoc  Canal  in 
"ranee. 

In  1788  Elkhannah  Watson  proposed  to  establish  a  water  communi- 
ation  from  Hudson  River  and  Lake  Ontario  by  way  of  Oneida  Lake, 
Oneida  River,  and  Oswego  River,  his  plan  being  to  connect  Wood 
Wk  with  Mohawk  River  by  a  canal  and  to  improve  the  Mohawk 
^th  locks. 

In  January,  1791,  Governor  George  Clinton,  in  an  ad<lr(»ss  to  the 
Bgislature,  urged  the  necessity  of  improving  the  natural  water  chan- 
lels  in  order  to  facilitate  communication  with  the  frontier  settle- 
ments. Following  this  address,  in  February  of  the  same  year,  a  joint 
ommittee  was  appointed  to  inquire  what  obstructions  in  the  Hudson 
^nd  Mohawk  rivers  it  would  be  proper  to  remove.  As  the  result  of 
his  inquiry,  an  act  was  passed  March  24,  1701,  authorizing  the  com- 
Dissioners  of  the  land  office  to  explore  and  survey  the  ground  from 
(ohawk  River  at  Fort  Stanwix  (now  Rome)  to  Wood  Creek  with 
eference  to  constructing  an  artificial  channel,  and  also  to  survey 
[ohawk  and  Hudson  rivers  for  improvement  by  locks  and  to  estimate 
le  cost  of  the  same.  A  sum  not  exceeding  ^500  was  appropriated  to 
iy  the  expense  of  such  survey. 

At  that  time  the  channel  of  commerce  was  by  the  Mohawk  from 
Ibany  to  Fort  Stanwix  in  boats  of  al>out  5  tons  burden.     Going  west 
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these  boats  carried  from  1  ^  to  2  tons  and  on  the  easterly  trip  5  tons. 
From  Fort  Stanwix  there  was  a  portage  of  2  miles  across  the  flats  to 
Wood  Creek,  whence  the  course  lay  into  Oneida  Lake  and  River,  and 
from  thence  into  Seneca  and  Oswego  rivers  to  Lake  Ontario;  or,  from 
points  farther  west,  up  Seneca  River  to  Lakes  Cayuga  and  Seneca. 
At  that  time  it  cost  from  $75  to  $100  i)er  ton  for  transfiortation  from 
Seneca  Lake  to  Albany.  The  time  occupied  in  going  from  Allianyto 
Seneca  Lake  was  twenty-one  days,  and  in  returning  eight  days. 

The  commissioners  appointed  under  the  act  of  March,  1791,  were 
Eikhannah  Watson,  Gen.  Phillip  Schuyler,  and  Goldsborrow  Bayner. 
On  the  3d  of  January,  1792,  the  commissioners  reported  the  cost  of 
improving  the  route  from  Albany  to  Seneca  Lake  by  locks  and  canals 
at  $200,000,  whereupon  the  legislature  passed  an  act  March  30, 1792, 
incorporating  the  Western  Inland  Lock  Navigation  Company,  for  the 
purpose  of  opening  navigation  by  locks  from  Hudson  River  to  Lakes 
Ontario  and  Seneca,  and  the  Northern  Inland  Lock  Navigation  Com- 
pany, charged  with  performing  a  like  service  from  Hudson  River  to 
Lake  Champlain.  The  capital  stock  of  each  company  consisted  of 
1,000  shares  of  $25  each,  but  the  companies  were  afterwards  allowed 
a  capital  stock  of  $300,000  and  an  increase  of  the  same  from  time  to 
time.  George  Washington,  the  original  promoter  of  canals  in  the 
United  States,  was  the  first  president  of  the  Western  Inland  Lock 
Navigation  Company. 

In  March,  1795,  an  act  was  passed  directing  the  State  treasurer 
to  subscribe  200  sliares  to  these  companies,  of  1^50  each.  State  aid 
was  ai^aiii  granted  by  an  act  passed  iu  April,  1700,  by  wliich  the 
Western  IiiIhikI  Lo<*k  Navigation  Comi)any  was  loaned  ^^J7,5(Hj,  and 
a  iiioitgage  taken  by  the  State  on  the  company's  proi>erty  at  Little 
Falls.  In  that  year  a  route  was  opened  from  Schenectady  to  Seneca 
Falls  for  l)()ats  carrying  !<>  tons.  Tlie  locks  at  Little  Falls  were  first 
built  of  wood,  then  of  brick,  and  finall}"  of  stone;  the  remains  <>f  the 
latt(M-  are  said  still  to  exist.  Dividends  were  i>aid  for  a  numlxr  i>f 
years  on  thi^  st()ck  of  the  company  making  these  improvements.  The 
tai'iff  levied  for  a  barrel  of  flour  carried  100  miles  was  52  cent-s,  and 
for  a  ton  of  goods,  ^5.75. 

Finally  New  York  iMjteriKl  ui)on  its  era  of  inland-water  improve- 
ments under  th(^  auspices  of  the  State  itself.  On  April  15,  1817,Un 
act  was  passed  entitled  '^\n  act  respecting  navigable  communication 
between  the  great  eastei'ii  and  northern  lakes  and  the  Atlantic  Ocean," 
in  which  it  was  i)rovided  tliat  wlienever  in  the  oijinion  of  the  canal 
coniiuissioners  it  should  be  for  the  interests  of  this  State  that  all  the 
interest  and  title  in  law  and  equity  of  the  Western  Inland  Lock  Nav- 
igation Company  shall  l)e  vested  in  th(»  people  of  this  State,  it  should 


'  Tlie  full  authority  I'or  tho  (•(•iiKtructioii  of  tlio  Erie  and  Champlain  canals  may  Im- fonmi  ia 
twn  :ictf<,  tho  first  boing  cliiivtor 'i\1  ot  \.\ivAvvvfs  v^t  VHlu,  yussod  Ai»ril  17,  ISlU;  the  s*>ooiirt  }^\Li 
clmpti'i-  'Jit:i  of  tho  laws  of  1H\7,  passv^d  \\>t\\  V»A^\*i.   "^Xwiv^  Va»  \5;\Qtviox  V;^«  confusion  of  tbe*' 
two  (iatos  in  early  canal  literature. 
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ye  iHwfnl  for  the  canal  coinmisHioners  to  pass  a  rosolutioii  to  that 
)ffect.  The  act  then  provides  a  procedure  for  takinji:  the  property  of 
.his  company  after  tlie  piissa^e  of  such  a  resolution  ])y  the  canal  coin- 
nissioners.  Following  this  act  the  rights  of  the  conipaiiy  were  soon 
i^ransferred  to  the  State,  and  the  property  oi)erated  for  two  or  three 
pears  thereafter  under  Stat^  auspices.  In  1821  the  State  collected 
bhe  sum  of  $450.56  for  tolls  charged  from  Rome  to  the  lower  lock  at 
Little  Falls  on  account  of  transportation  over  the  route  formerly  con- 
broiled  by  the  Western  Inland  Lock  Navigation  C-ompany. 

Chapter  144  of  the  laws  of  1813  incorporated  the  Sen(»ca  I.iOck  Nav- 
igation Company  for  the  purpose  of  constructing  a  canal  from  Cay tiga 
Liake  to  Seneca  Lake.  The  rights  of  this  company  were  purchased 
by  the  State,  pursuant  to  chapter  271  of  tlie  laws  of  1825.  The  two 
oompauies,  the  Western  Inland  Lock  Navigation  Company  and  the 
Seneca  Lock  Navigation  Company,  may  be  considered  the  forerunners 
of  Erie  Canal. 

About  tlOOjOOO  was  expended  by  the  Northern  Inland  Lock  Navi- 
gation Company  on  locks  around  the  falls  at  Cohoes  and  for  their 
Improvement,  all  of  which  provecl  a  total  loss,  the  rights  of  the  com- 
KMiny  being  finally  transferred  to  the  State  l)efore  navigation  from 
Kiadson  River  to  Lake  Champlain  was  actually  opened. 

The  amount  expended  by  the  Western  Inland  Lock  Navigation 
CJompany  up  to  December,  1804,  was  *;307,743,  which  was  increased 
to  8480,000  in  1813,  and  to  a  total  of  :!5r)<K),(K)()  before  the  works  were 
finally  transferred  to  the  State.  The  mistake  of  first  constructing 
wooden  locks  proved  a  severe  loss  to  the  company,  as  all  the  original 
locks  at  Little  Falls,  German  Fhits,  and  Rome  rotted  away  in  about 
six  years.  The  facilities  afforded  by  these  companies  w(»re  undoubt- 
edly inadequate  to  the  demands  of  the  rapidly  growing  western  sec- 
tion, and  accordingly  an  active  agitation  finally  began  for  some  more 
extended  means  of  communicaticm. 

The  early  work  was,  as  wo  have  seen,  entirely  in  the  direction  of 
the  improvement  of  natural  channels,  the  extent  of  artificial  channels 
for  the  whole  route  from  Hudson  River  to  Seneca  Lake  being  only  15 
miles.  About  1803,  however,  the  project  for  an  artificial  canal  con- 
necting Lake  Erie  with  tide  Avater  in  the  Hudson  was  broaduMl  by 
Grouverneur  Morris.  In  1S()7  Jesse  Hawley  wrote  a  series  of  arti- 
cles on  the  subject,  and  in  18()S  tlu^  legislature  directed  the  surveyor- 
g^eneral,  Simeon  Do  Witt,  to  make  a  survey  of  such  a  route.  This 
survey  was  made  by  James  (li'ddes,  who  reported  on  January  20,  ISOli. 
In  1810  the  legislature  appointed  commissioner's  to  proscMUite  further 
examinations.  This  commission  made  its  first  report  in  March,  1811. 
After  discussing  the  route  as  i>roi)osed,  from  Hudson  River  to  Lake 
Ontario,  it  recomuK^Hled  the  inland  route  to  Lake  Krie  with  a  direct 
descent  from  Lake  Eri(^  to  Hudson  River.  Following  this  report  a 
bill  was  passed  by  the  legislature  reappoiulm\»  U\vi  VLo\\v\i\ve>'^\vivivix>i.  vi?L 
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tho  pi-evious  year,  with  the  jiddition  of  Robert  R.  Livingston  au'l 
Robert  Fulton,  and  exteiulinjx  the  powers  of  the  commissioners  and 
adding  to  the  appi-opriation  for  its  work.  The  war  of  181:J  eaineoiu 
however,  an<l  th(»  eanal  pi-ojeet  was  teniiM>niril3-  dropped  until  1^1»n 
when  De  Witt  C-linton  presented  a  memorial  to  the  legislature  from 
the  eity  of  New  York  urjring  action  t<>ward  the  constraction  of  the 
canal.  Finally  the  act  of  April  1.5,  1S17,  was  passed  creating  a  per- 
manent lM)anl  of  canal  eonimissi(mei*s,^  which  entered  at  onoeupon 
its  duties,  and  pn>vidin«:c  for  the  c4>nstructiou  of  artificial  navigatioD 
from  Lake  Krie  to  tid(^  water  on  Hudson  River,  and  also  from  Lake 
Champlain  to  tide  water  cm  the  Iludstm.  The  dimensions  of  the  pro- 
postal  canals  weiv  fixed  by  the  commissionci*s  as  follows:  For  Erie 
Canal  a  lH>ttoin  width  of  2S  feet,  surface  width  40  feet,  and  depth 4 
feet,  with  locks  00  feet  long  and  15  feet  wide;  for  Champlain  Giuial 
a  bottom  width  of  20  feet,  surface  width  30  feet,  and  depth  3  feet,»ith 
locks  7")  f(»et  long  and  lo  feet  wide. 

(rround  was  broken  for  Krie  Canal  at  Rome,  July  4,  1817,  and  the 
section  from  I'tica  to  Seneca  River  completed  October  22, 1819,  a  boat 
j)assing  fi'oni  Rome  to  Ktica  on  that  day.  Champlain  Canal  was 
opeiUMl  in  part  for  navigation  NovemlK^r  24,  1810.  The  route  for 
Erie  Canal  fi-om  Seneca  River  west  was  also  explored  in  isii*,  ami 
the  tinal  location,  fi-oni  Seneca  River  to  Rochester,  made  in  1^-1. 
The  principal  4»ngineers  were  James  Geddes,  Henjamiu  Wriglil,  ami 
Canvass  Whiter 

Tlu»  annual  re[iort  of  the  canal  commissioners,  dated  January;;!. 
Isis,  givt's  details  ni'  the  system  adopte<l  for  the  construction  I'f  -b* 
canal.  They  statt*  liiat  th<'y  ha<l  dt^cided  to  (*oniplete  the  niiiMk s*'- 
tion  first,  oS  niilt's  of  which  were  put  under  contracrt  during  tlie>var 
1S17,  this  portion  being  wliollyonthe  summit  level.  The  whole  l.ii"ii 
IMM-foruHMl  in  1S17  was  otjual  to  tln^  completion  of  15  miles.  In  iivl:- 
cation  of  the  casv  <*haiactcr  of  the  work,  the  commissioners  staioti..i' 
tlirct*  Irishnun  linishiMl  :»  riMls  of  canal  in  4  feet  cutting  in  liw  aiii 
one-half  days,  and  that  on  the  .^s  miles  under  contract  only  half ;» 
mile  rci|uirc(l  [MHldling. 

The  engineer's  original  I'sti mate  of  the  cost  of  the  middle  sect iou. 
comi)leted  in  1 STJ,  was  s1j)l>i,s.')1.  The  act ual  cost  was  Sl,125,i'v!. 
This  increase,  iis  statiMJ  by  the  commissioners,  was  due  to  change ■>* 
prism  and  stnH*tur(»s. 

While  tin*  Slate  canals  W(M-e  in  i)r()gress  the  Seneca  T^x^k  Navip- 
tion  Company,  authorized  by  <'ha|)ter  144  of  the  Laws  of  1813,  ha'i 
JM'en  engaged  in  const i-ucting  a  canal  between  Seneca  and  CayuLr:i 
lakes,  including  a  stM'ies  of  locks  at  Seneca  Falls.  On  June  14,  l>i^. 
a  h»aded  boat  fi-om  Schenectady,  1»»  tons  ]>uixlen,  ])assed  the  newly- 
<*onstrucli'd  li>cks  at  Seneca  I'alls.      Along  Mohawk  River  the  passai:- 

'  VVif /«-rMi;iii»nt   li'i;ir<\  if   «;ur.v,\  *'^«\u^\\'\-^>^\  mv«Y-  vA  \>>\" '\\v*V\vVv\Uu?  fullowiuK  !ii«'!i"  !'■  '^'"' 
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boats  of  this  size  was  effected  through  the  locks  of  the  Western 
And  Lock  Navigation  Company,  Erie  Canal  not  being  open  for 
ligation  at  that  date.    The  locks  at  Seneca  Falls  cost  •60,000.    The 
.  charged  during  1818  was  equivalent  to  9  cents  per  ton  per  mile, 
yhamplain  Canal  was,  as  stated,  opened  for  navigation  November 

1819,  from  the  Hudson  at  Fort  Edward  to  Lake  Champlain.  The 
imated  cost  of  this  section  was  $250,000,  biit  on  account  of  chang- 
^  its  dimensions  to  the  same  size  as  Erie  Canal  the  revised  estimate 
lounted  to  $333,000.  The  canal  was  finally  completed  from  Lake 
amplain  to  Albany  on  September  10,  1823. 

ifVork  on  Erie  Canal  proceeded  during  the  years  from  1820  to  1825, 
the  former  year  94  miles  being  in  operation  and  in  the  latter  363. 
was  finally  completed  from  Albany  to  Black  Rock  on  October  26, 
25,  on  which  day  the  first  boat  ascended  the  Lockport  locks  and 
ssed  through  the  mountain  ridge  into  Lake  Erie.  Uninterrupted 
vigation  was  thus  obtained  from  that  lake  to  the  Atlantic  Ocean  for 
ats  of  an  average  of  about  40  tons  burden.  The  event  was  made  a 
la  day  the  whole  length  of  the  canal. 

The  construction  of  Erie  Canal  was  due  to  the  unbounded  perse- 
rance  and  genius  of  one  man — Governor  De  Witt  Clinton — who, 
en  one  studies  the  early  history  of  Erie  Canal,  stands  forth  as  the 
ossal  figure  of  the  enterprise. 

The  total  expenditure  on  Erie  and  Champlain  canals  to  January  1, 
16,  was  $9,474,373.14,  from  which  should  be  deducted  for  pay  of 
jineers  and  commissioners,  the  acquisition  of  water  rights,  land 
nages,  the  construction  of  feeders,  repairs.  Black  Rock  Harbor, 
?^ering  Onondaga  outlet,  Salina  and  Onondaga  side  cut,  Waterford 
i  Troy  side  cuts,  Troy  dam,  and  Glens  Falls  feeder,  the  sum  of 
621,274.  Hence  the  actual  cost  of  construction  of  the  canal  proper 
8  $7,853,099,  which,  on  the  aggregate  length  of  433  miles,  equals 
5,136  per  mile,  or,  taking  into  account  the  various  extensions 
Qmerated  and  the  engineering  as  necessary  items  of  expenditure, 
3  original  cost  per  mile  of  the  Erie  and  Champlain  canals  may  be 
iced  at  $21,881  per  mile. 

Between  1825  and  1833  work  was  begun  on  a  number  of  lateral 
nals — as,  for  instance,  Oswego  Canal,  begun  in  1826  and  completed 

1828;  Cayuga  and  Seneca  Canal,  begun  in  1827  and  completed  in 
29;  Chemung  Canal,  begun  in  1831  and  completed  in  1832,  and 
ooked  Lake  Canal,  begun  in  1831  and  completed  in  1833.  The  tota.1 
St  of  all  the  canals,  including  interest  on  loans  up  to  March  23, 1833, 
«  $11,460,066.77. 

Chenango  Canal  was  begun  in  1833.  The  total  amount  expended 
^11  the  canals,  including  original  construction,  extensions,  main- 
«ince,  repairs,  and  interest  on  loans,  to  the  end  of  1834  was 
» 798,438,  and  the  total  amount  of  tolls  received  from  1820  to  1834, 
lusive,  was  tlO,OOOy730.d7 — that  is  to  say,  at.  \\ve>  ^\\^  oV\«^^<b'^Ts. 
IRE  25 i 
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from  the  ori^nal  completion  of  Erie  Canal  the  amount  returiie<itothe 
State  was  nearly  78  per  cent  of  the  total  cost  to  that  dat«.  This  fad 
is  of  the  greatest  interest  because  it  indicates  that  from  the  very 
beginning  the  New  York  State  canal  system  was  operated  as  a  purely 
business  enterprise.  It  is  clear,  then,  that  in  reality  the  State  of  Net 
York,  in  constructing  its  internal  navigation  system,  went  into  ih 
transportation  business;  by  that  statement  it  is  meant  that  the  SUUe 
managed  the  affaii*s  of  the  canals  precisely  as  a  private  company 
would  have  managed  them — that  is,  the  State  built  its  canal  system 
and  levied  as  heavy  tolls  as  the  articles  transported  would  stand. 

By  way  of  illustrating  how  thoroughly  the  Stat^  was  in  the  trans- 
portation business  and  on  exactly  the  same  basis  as  transixjrt^tion 
companies,  it  may  be  cited  that  in  1830  the  legislature  sent  a  commn- 
nication  U)  the  commissioners  of  the  canal  fund  asking  if  it  werenol 
possible  to  increase  the  rate  of  toll  on  many  of  the  articles  trans- 
ported, and  stating  tliat  it  seemed  necessary,  in  oixler  to  meet  all  the 
interests  involved,  that  the  canals  }ield  somewhat  greater  revenue. 
The  commissioners  replied  to  this  communication  at  length,  giving 
in  detail  the  amount  of  toll  levied  on  different  articles  transported, 
and  finally  concluded  with  the  statement  that  it  would  be  impossible 
to  increase  the  tolls  materially,  because  the  articles  transported  were 
at  that  time  ttixed  all  they  would  stand.  If  the  rate  of  toll  were  made 
materially  greater,  many  articles  would  not  be  transported  on  the 
canals,  but  would  go  by  other  channels,  as  by  St.  Lawrence  Kiver 
and  bv  the  Great  Lakes.  The  State  would  thus  lose  the  Ix^nefit 
derived  from  carrying  them. 

About  1S:]:3  to  18^J5  railroads  began  to  attract  attention  as  means  of 
transportation,  and  in  18.*]5  John  B.  Jervis,  Holmes  Ilutchinscm,  and 
Frederick  C.  Mills,  who  were  the  princioal  canal  engineers  of  that 
day,  were  instructed  to  report  on  the  relative  cost  of  transimrtation 
on  canals  and  railroads.  In  an  introduction  to  their  report  by  Will- 
iam C.  Bouek  and  Michael  llolfman,  canal  connnissionei*s,  it  is  stated 
that  it  will  not  be  dillieult  to  show  that  the  expense  of  transiK)rtation 
on  railroads  is  materially  greater  than  on  (*anals.  But  in  addition  to 
this  there  were  other  important  considerations  in  favor  of  canals: 

(1)  A  canal  may  be  compared  to  a  common  highway  on  which  even 
man  can  be  the  carric^r  of  his  own  proi)crty,  therefore  creating  the 
most  active  competition,  and  thus  reducing  the  expense  of  tran>- 
portation  to  the  lowest  rates.  The  farmer,  merchant,  and  manu- 
facturer can  avail  themselves  of  the  advantages  of  carrvinir  theirowii 
product  to  market  in  a  manner  best  comporting  with  the  inten»>t  <>^ 
each  individual. 

(2)  Much  of  the  property  carried  on  the  canals  is  carried  by  tnm^- 
portation  companies,  although  \ho  largest  i)ortion  is  carried  by  iu'ii- 
viihials  and   small  assv>e\AVu>\\s.      The   individual  who  beromes  the 
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<5arrier  of  his  own  product  has  the  advaiitaKo  of  payin^c  nearly  one- 
lialf  of  all  the  expense  of  transportation  in  the  regular  course  of  his 
l3VLsiness,  and  the  cash  disbursements  do  not  often  much  exceed  the 
payment  of  the  tolls.  To  the  farmer  the  profits  on  return  freight,  in 
vnany  instances,  give  a  full  indemnity  for  the  expense  of  taking  his 
oargo  to  market.  On  railroads,  on  the  other  hand,  the  proprietors 
■nnst  necessarily  be  the  carriers. 

A  fixed  popular  belief  in  the  two  principles  laid  down  by  Messrs. 
£ouck  and  Hoffman  in  their  introduction  to  the  transportation  report 
of  1835  has  been  the  ciiuse  of  a  great  deal  of  mistaken  policy  in  the 
State  of  New  York.  For  instance,  nearly  every  year  since  the  begin- 
■ling  of  the  railway  era  the  newspapei*s  of  the  State  have  teemed  with 
^tihe  statement  that  the  State  must  necessarily  maintain  the  canal  sys- 
"tern  in  order  to  check  the  exorbitant  t^iriff  demands  of  competing  rail- 
"^rays.  As  we  have  seen,  in  1830,  just  before  the  beginning  of  the 
railway  era,  the  State  was  taxing  every  article  transported  upon  the 
^Mmals  all  that  it  would  stand,  and  the  system  of  excessive  State  tariffs 
'^as  continued  until  a  few  years  later,  when  the  competition  of  the 
^«ilways  forced  a  reduction  in  the  tariff  for  transportiition  on  the 
^sanal. 

GROWTH  AND  DECLINE  OF  CANAL  TRANSPORTATION. 

A  number  of  reports  bearing  on  transportation  questions  were  sub- 
mitted in  1835,  and  finally  the  fixed  policy  was  mh)ptod  of  enlarging 
Erie  Canal,  the  act  authorizing  what  is  known  as  the  Erie  Canal 
enlargement  being  passed  in  that  year.  The  law  authorizing  the 
enlargement  directed  the  construction  of  double  locks  and  a  prism 
with  a  width  at  water  surface  of  70  feet,  and  a  depth  of  7  feet,  the 
locks  to  be  110  feet  long  and  18  feet  wide.  It  was  estimated  that  an 
enlargement  to  this  extent  would  save  50  per  cent  in  cost  of  trans- 
portation, exclusive  of  tolls.  The  enlargement  to  this  standard 
width  and  depth  w-as  begun  in  1836  and  continued  to  1842,  when  the 
legislature  directed  the  suspension  of  expenditun»s.  In  1847  the 
work  of  enlargement  was  resumed,  and  substantially  completed  in 
1862.  Since  that  time  to  the  work  now  in  progress  under  the  author- 
ity of  chapter  79  of  the  laws  of  18!i5  there  has  been  no  change  in  the 
standard  of  width  at  wat;er  line  of  70  feet  and  depth  of  7  feet.  As 
an  interesting  fact  it  may  be  i)ointed  out  that  while  the  enlargement 
Autliorized  in  1835  led  to  vast  increase  in  the  transportation  business 
on  the  State  canals  the  cost  of  transportation  gradually  decreased, 
one  chief  cause  of  such  decrease  being  the  c(mipetition  of  rail- 
ways, until  in  1883  the  competition  from  this  source  became  too 
sharp  to  maintain  longer  transportation  on  the  (canals  if  any  toll  at 
all  were  charged.  The  canals  were  then  made  free  by  legislative 
enactment. 
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The  popular  notiou,  formerly  prevalent  in  New  York,  that  it  lias 
been  necessary  to  maintain  the  State  canals  in  order  to  regulate  the 
railways,  is  seen  to  be  far  from  true.  The  railways  have  reguktijd 
the  canals  quite  as  much  or  more  than  the  canals  have  regulated  the 
railways.  Indeed,  the  railways  must  be  considered  as  liaving  the 
better  of  it,  because  the  State  has  been  obliged  absolutely  to  do  away 
with  all  tolls  on  the  canals  in  oi'd^r  to  insure  their  obtaining  busiiieas 
at  all. 

In  illustration  of  the  value  of  the  water  resources  affonled  1)y  the 
Great  Lakes  in  conjunction  with  the  New  York  State  internal  iiavija- 
tion  system,  the  following  statement  of  receipts  of  flour,  wheat,  corn, 
oats,  barley,  and  rye  at  Buffalo  for  certain  years,  from  1836  to  18IHJ, 
inclusive,  is  given. 

Receipttt  of  floury  wheat,  com,  oatn,  barley,  and  rye  at  Buffalo  from  lSo6  to  i*>-*. 


Year. 

Flour. 

Wheat 

Com. 

Oats. 

Bmrlsy. 

By». 

Barrels. 

BuaheUf. 

BusheU. 

BiMfteb. 

INuAeb. 

BudnU. 

1836 

139,178 

304,990 

204,855 

28,640 

4,876 

1,50J 

1840 

597, 142 

1,004.561 

71,337 

54,200 

2, 593, 378 

1845 

746,750 
1,103,039 

1,770,740 
3.681,347 

23,800 

357,580 

2,088,222 

1850 

8,627 
02,804 

185,5 

937, 761 

8, 022, 126 

9.711,430 

299, 191 

1860 

1,122,335 

18,502,615 

386. 217 

U209,594 

263,158 

80,8^ 

1805 

1 ,  788, 30;j 

13,437,888 

19,840,901 

8, 494, 799 

820.563 

877.  a 

1870 

1,470,391 

20, 556, 722 

9.410,128 

6, 846, 983 

1,821,1^4 

626.  U 

1875 

1,810,  102 

32, 987, 650 

22, 593, 891 

8, 494, 124 

916.889 

222,  l-y 

1880 

1.317,911 

40,510,229 

62,214,417 

649,351 

33.5,925 

743,4V. 

1885 

2,993,280 

27,130,400 

21,028,230 

'        767, 580 

577.230 

309.  :r'» 

1800 

6, 245, 580 

14, 868, 030 

44,136,660 

13, 860, 780 

5, 165, 700 

1.2slJt:'' 

1895 

H,  971,  7 10 

40,818,510 

38, 244, 960 

21,943,680 

10, 253, 440 

7s:,:W.' 

1890 

10,384,184 

54,411,207 

47,811,010 

40, 107, 499 

16, 697, 744 

'4,404.;W 

A  (*oiiii)aris()u  of  the  statistics  of  railroad  and  canal  traffic  showrjat 
onco  the  vast  prepoiideranoeof  freight  carried  by  the  several  railways 
centerin«j:  at.  New  York  in  comparison  with  that  carried  by  Erie  Canal 
In  spit(»  of  the  fact  that  tlio  canal  was  made  free  in  1883,  figures  indi- 
cate that  since  that  time  there  has  been  a  continual  decrease  in  in^ 
amount  of  f reiglit  (*arricd  on  the  canals.  Probably  no  feature  of  ihb 
change  is  more  significant  than  that  of  the  internal  movenioin  in 
New  York  State.  In  18811  the  total  movement  within  the  State  vas 
l,4:)s,7r)l)  tons,  whiles  in  181Mi  it  was  only  505,482  tons.  These  statisti«> 
show  at  once  tlie  dcMTcasing  estimation  in  which  Krie  Canal  ii>  a 
moans  of  t  rans\)orUiV\u\\  \s\\oV\  \^\  \W.  v^veat  body  of  shippers  in  tlir 
State  of  New  York.     Ouvi  ot  V\vvi  wi^wW^  vjl  Wsas^  ^^^^^V!i»j^Vs,>^-ijqhica-y 
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«d  in  PL  X,  showing  the  fleet  of  boats  tied  up  and  awaiting 

3SS. 

way  of  illustrating  the  growth  and  decline  of  the  business  of  the 
York  State  canals  from  about  1835-36  to  the  present  time  the 
ing  statement  of  total  tojinage  of  all  freight  on  the  canals, 
ding  and  descending,  and  the  value  of  the  same  for  certain  years 
1837  to  1896,  inclusive,  is  presented : 

^f/<*  of  freight  on  New  York  State  canals  and  txilue  ofmme,  1SS7  to  1896, 


Year. 

Tons. 

Value. 

1837 

1,171,296 
1,416,046 
1,977,565 
3, 076, 617 
4,022,617 
4,650,214 
4, 729, 654 
6, 178, 769 
4,859,958 
6, 457, 656 
4,731,784 
5, 246, 102 
3, 500, 314 
3, 714, 894 

$55, 809, 288 
66. 303, 892 
100. 629, 859 
156,397,929 
204, 390, 147 
170,849,198 
256, 237, 104 
231,836,176 
145,008,575 
247, 844, 790 
119,536,189 
145,761,086 
97, 453, 021 
100, 039, 578 

1840 

1845 

1850 

1855 

1860. .>.. 

1865 

1870 *. 

1875 

1880 

1885 

1890 

1895 

1896.... 

hout  analyzing  the  figures  in  detail,  it  is  sufficient  to  point  out 
'  it  is  true,  as  popularly  supposed,  that  Erie  Canal  ought  to  be 
lined  as  a  medium  of  competition  with  the  railways,  the  figures 
d  from  the  annual  statements  of  the  chief  competitor  of  Erie 
must  be  taken  as  conclusive  that  the  competition  has,  on  the 

been  a  failure.  The  railway,  developed  as  a  private  enter- 
has  not  only  been  able  to  carr}'  freight  as  cheaply  as  the  canal, 
kS  been  able  to  charge  for  the  same  and  do  the  work  at  a  profit. 

year  ending  June  30,  1807,  the  New  York  Central  and  Hudson 
Railway  Company  pai<l  a  dividend  on  its  stock  of  $4,000,000, 
s  carrying  $51,866.80  to  the  surplus  account,  whereas  the  canal, 
gh  all  tolls  were  removed  in  1883,  has  still  been  unable  to  com- 

Among  the  chief  reasons  for  this  result  we  may  mention  lack 
anization  of  the  canal  system.  The  perpetuation  of  the  idea 
ae  advantage  of  the  canals  was  that  they  were  common  high- 
m  which  each  man  could  carry  his  own  products  to  market  has 
I  largely  to  produce  this  unsatisfactory  result.  Thus  far  there 
ver  been  any  systematic  organization  for  obtaining  business  for 
nal.  The  boats  are  owned  by  small  proprietors,  each  operating 
►ne  to  three  or  four  lK)als.     When  cargoes  in  hand  are  discharged 
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at  either  tenninas,  each  owner  solicits  another  cargo.    The  resnlta 
are  delays,  half  cargoes,  and  consequent  loss.    During  the  last  tew 
years  it  has  been  only  by  the  most  rigid  economy  that  Erie  Canal 
boatmen  could  live.    On  the  other  hand,  the  business  of  solidting 
freight  for  the  railways  is  compactly  organized  and  every  possible 
advantage  taken  of  the  situation. 

However  unsatisfactory  it  may  seem  to  the  individual  boatman,  tkc 
future  of  effective  transportation  on  Erie  Canal  depends,  in  the  opinio^] 
of  the  author,  on  the  organization  of  large  transportation  companies 
which  conduct  the  business  of  carrying  freight  by  canal  on  the  saiEk^ 
business  basis  as  adopted  by  railways.  As  to  the  equity  of  the  St&r^ 
furnishing  and  maintaining  a  waterway  on  which  transportation  m&j 
be  conducted  by  such  corporations  at  a  profit  the  author  expresses  no 
opinion  further  than  to  point  out  that  the  official  discussion  of  meb 
a  proposition  by  the  State  engineer  and  surveyor  in  his  annual  report 
for  the  year  ending  September  30, 1896,  may  be  taken  to  indicate  that 
the  day  of  Erie  Canal  as  a  State  waterway  has  passed.  ^ 

COST  AND  REVENUES  OP  THE  NEW  YORK  STATE  CANAL  SYSTEM. 

The  accompanying  table  exhibits  the  total  cost  of  constmctioo, 
maintenance  and  operation,  and  the  total  revenues  from  all  sources 
of  the  several  canals  of  New  York  from  their  original  inception  to 
September  30,  1892. 

Cost  of  construction^  maintenance  and  operation,  and  revenues  of  Nexo  York  canal 

system. 


Canals. 


Erie  and  Champlain 

Oswejro 

Cayusa  and  Seneca 

Black  River 

Oneida  River  im- 
provement   

Oneida  Lake 

Baldwi  nsvi  1  lo  (so 
called) 

Seneca  River  tow- 
ing path 

Cayuga  Inlet 

Crooked  Lake 
(abandoned) 

Chenango  (a  b  a  n - 
doned)  

Chemung  (a  b  a  n  • 
doned)  

Genesee  Valley 
(abandoned ) 

Total 


Cost  of  con- 
struction. 


$57,688,676 
4,043.921 
1,880,662 
4,077,882 

233,962 
513,439 

31,000 

1,602 
2,030 

396,002 

4,807,952 

1,512,041 

6.741,839 


Cost  of 
mainte- 
nance and 
oi)eration. 


82,58ft,068 


$41,583,759 
3,736,676 
1,157,764 
2,082,251 

41.236 
144.060 

18,039 

20 
948 

424,ft'>8 

2,105,217 

2,022,259 

2,814,809 


Total  cost. 


Revenue 

from 

all  sources. 


Loss. 


;)ft,V.«),686 


$99,271.4a5 
8,380,507 
3.044,416 
6,160,133 


275, 198 
657,499 

49,039 

1,622 
2,968 

819,750 

6,913,169 

3,534.3rK) 

9,556.648 


i;W,6fl6,774 


I 


$128,191,068 

3.715,567 

1.056,016 

305.663 


214,428 
65,180 

1.261 

7,782 
7,534 

45.400 

744,087 

525,565 

860,165 


Gain. 


^.919.«i3 


$4,665,090 
1,980,400 
5.a54,4n) 

60,770 
5a2,3l9 

47,778 


I  4 


4,260 


6,160,142 


3,008,735 


8.09(1483 


135,738,746 


31,85S,»>7 


a8a\3» 
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The  total  cost  of  ('r(K)ke(l  Lake,  Clionaiij^o,  Chemung,  and  Genesee 
Valley  canals,  which  were  abandoned  under  the  provisions  of  the  law 
of  1877,  was  *2(),S2:^,sr)7,  and  the  total  revenue  from  all  sources 
♦2,175,247.  The  total  loss  on  the  abandoned  canals  was,  therefore, 
$18,04S,G20.  The  following  is  the  complete  financial  exhibit  of  all 
canals  from  their  inception  to  September  30, 18!)2:  Total  loss  on  aban- 
doned canals,  *18,04S,r)LM);  net  gain  on  canals  now  in  operation, 
$15,720,592;  loss  on  the  whole  system,  82,028,028. 

IMPROVEMENT  OF   ERIE   C^ANAL. 

The  canal  improvement  now  in  progn^ss  was  formulated  by  State 
Engineer  and  Surveyor  Horatio  Seymour,  jr.,  about  1878  or  1870.  In 
his  annual  report  for  the  fiscal  year  ending  September  30,  1878,  Mr. 
Seymour  discusses  ext<?nsively  transportation  questions  as  related  to 
Erie  Canal,  pointing  out  that  transportation  can  be  cheapened  in  two 
waj's — by  increasing  the  timnage  of  lH)ats  or  by  increasing  their  speed. 
As  to  increasing  the  tonnage  of  boats,  he  states  that  two  methods  may 
be  used — the  locks  ma}'  be  lengthened  or  the  depth  of  water  may  be 
increjised.  lie  refers  to  experiments  nuide  by  Klnathan  Sweet  by 
which  it  was  shown  that  the  best  form  of  waterwav  should  have  a 
cross  section  5.30  tim(»s  the  immerged  section  of  the  boat,  and  a  sur- 
face width  4.5  times  the  width  of  the  boat.  The  width  of  the  canal, 
Mr.  Seymour  states,  is  substantially  what  it  should  be,  but  it  lacks 
the  necessar}' dept h  in  order  to  conform  to  the  law  of  n^ation  of  cross 
section  of  water  to  immerged  section  of  boat,  as  determined  by  Mr. 
Sweet.  Reports  are  submitted  showing  that  an  additional  depth  of  1 
foot  could  l)e  obtained  for  about  >?1,1(M),0(M). 

The  matter  of  making  the  improvement,  however,  remained  in 
abeyance  until  the  i)assage  of  an  act  in  1805,  which  provided  for  sub- 
mitting to  the  people  at  the  State  election  in  November  of  that  year 
the  question  as  to  wh(»th(»r  an  improv(*ment  by  deepening  2  feet  should 
be  undertaken,  at  an  expc^nse  of  J5O, 000,000.  Section  3  of  chapter  70 
of  the  laws  of  1805  reads  as  follows: 

Within  three  months  after  isHuin;;  of  the  said  l)on<ls  the  sn])erintendent  of  public 
works  is  hereby  directed  t'>  ]»r()C(K;d  to  enlarge  and  improve  tlie  Erie  Canal,  the 
Champlain  ("anal,  and  the  <  )swej<o  Canal:  tht?  said  improvement  to  the  Erie  and 
Oswego  canals  shall  consist  of  deepening;  the  same  to  a  dej)th  of  not  less  than  9 
feet  of  water,  except  over  and  across  aiineducts,  miter  sills,  culverts,  and  other 
permanent  structures,  where  tlie  depth  o:'  water  shall  be  at  least  H  feet,  but  che 
deepening  may  l)e  i)erformed  by  raising  the  banks  whenever  the  same  may  be 
practicable;  also  the  len;.':thening  or  imi)roving  of  the  locks  which  now  remain  to 
be  lengthened,  and  providing  the  necessary  msichinery  for  drawing  boats  into  the 
improved  locks,  and  for  building  vertical  stone  walls,  where,  in  the  opinion  of 
the  State  onffineer  and  surveyor  and  superintendent  of  public  works,  it  may  be 
necessary.  The  improvement  upon  the  <  'hnniplain  Canal  shall  consist  in  deepen- 
ing the  said  canal  to  7  feet  of  water,  and  the  bnildmg  of  such  vertical  stone  walla 
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as,  in  the  opinion  of  the  State  engineer  and  sarveyor  and  snperintendent  of  imbKc 
works,  may  be  necessary. 

The  necessary  preliminary  work  was  so  far  completed  that  bids  for 
constructing  tlie  improvement  were  called  for  in  October,  1896,  and 
shortly  thereafter  contracts  for  work  amounting  to  about  14,000,000 
were  awarded.  The  canal  was  closed  December  1,  1896,  and  soon 
after  work  was  begun  and  continued  until  May  5,  1897,  when  navigs- 
tion  was  opened  for  the  season  of  1897,  and  all  contractors  not  work- 
ing with  dredges  discontinued  operations  until  the  winter  of  1897-98. 
The  act  authorizing  the  present  improvement  provided,  as  we  hare 
seen,  that  the  deepening  of  the  canal  prism  might  be  accomplished 
either  by  excavation  or  by  raising  the  side  walls.  As  a  matter  of  fact, 
sometimes  one  method  and  sometimes  the  other  has  been  followed, 
depending  upon  the  conditions  of  each  level.  Usually,  however,  a 
I)art  of  the  increased  depth  has  been  obtained  by  raising  the  side 
walls,  with  the  balance  secured  by  excavation. 

As  is  indicated  in  the  extract  from  the  act  authorizing  the  present 
improvement,  the  work  includes  the  lengthening  of  such  locks  as 
have  not  been  previously  lengthened.  The  original  locks  of  the 
enlargement  of  1836  to  1862  were  110  feet  long  by  18  feet  wide.  In 
1885  work  was  begun  lengthening  these  locks  to  220  feet,  or  about  210 
feet  in  the  clear,  thus  permitting  two  boats  to  pass  through  at  one 
lockage.  Up  to  the  present  time  42  of  the  72  original  locks  have 
been  lengthened.  The  30  locks  yet  remaining  to  be  dealt  with  are 
mostly  bunched  in  groups  or  flights,  as,  for  instance,  at  Cohoes,  where 
16  locks  effect  a  change  of  level  of  140  feet,  and  at  Lockiwrt,  where  5 
locks  effect  a  change  of  58  feet.  In  order  to  lengthen  locks  built  in 
flights  it  would  be  necessary  to  entirely  reconstruct  them,  and  as  the 
restricted  space,  especially  at  Lockport,  would  render  this  a  very  dif- 
ficult thing  to  do  in  one  winter  season,  it  has  therefore  been  proposed 
to  construct  at  Cohoes  and  Lockport,  and  possibly  at  Newark,  verti- 
cal lift  locks  to  take  the  place  of  the  ordinary  locks  now  in  use  at 
these  places.  The  State  engineer  and  surveyor  has  completed  the 
plans  for  the  proposed  lift  lock  at  Lockport,  which  is  so  locate 
as  not  to  interfere  with  the  use  of  the  locks  now  in  place  there 
during  its  construction.  It  has  been  announced  that  the  SO,OOU,0<X^ 
appropriated  will  fall  about  l?7,000,000  short  of  completing  the  work 
of  deepening  and  lengthening  on  the  lines  thus  far  ciirried  out, 
and  in  consequence  the  matter  of  building  the  lift  locks  is  held  in 
abeyance.^ 


I  For  engineering  and  other  details  of  the  canal  improvement  now  in  progreefi  see  Eng.  Xevsi 
Vol.  XXX VIII  (Sept.  2, 10,  and  ^3, 1897).  See  also  Effect  of  depth  upon  artificial  waterways,  bf 
Thomas  C.  Clark:  Trans.  Am.  Soc.  Civil  Eng.,  Vol.  XXXV,  pp.  1-40.  Also  Eng.  News,  JanoaiT 
6, 1806,  for  discossion  of  the  question,  What  shall  New  York  do  with  its  canalsr 
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DESCRIPTION  OF  THE  CANALS   NOW  IN  OPERATION,  AND  THEIR 

WATER  SUPPLY. 

Following  are  some  of  the  main  facts  in  regard  to  the  principal 
canals — Erie,  Champlain,  Oswego,  and  Black  River — now  in  opera- 
tion in  the  State  of  New  York.  Similar  facts  for  Oneida  Lake  Canal, 
Oneida  River  improvement,  the  Cayuga  and  Seneca  Canal,  and  others, 
may  be  obtained  by  reference  to  the  annual  reports  of  the  superin- 
tendent of  public  works. 

Lengthy  capacity,  and  cost  of  New  York  State  canals, 

ERIE  CANAL. 


Ijength,  in  miles 

Liockage,  in  feet 

Average  bnrden  of  boats,  in  tons. . . 
Haximmn  bnrden  of  boats,  in  tons. 

Constrnction  anthorized 

Constmction  completed _ 

Actual  cost  of  constrnction  


Original  canal. 


363.00 

675. 50 

70.00 

76.00 

Apr.  15, 1817 

Oct.,  1836 

$7, 143, 789 


Enlar^ment. 


351.78 

645.80 

210.00 

240.00 

May  11, 1835 

Sept,  1862 

$44, 465, 414 


CHABfPLAIN  CANAL. 


Length  of  canal,  in  miles. 
Length  of  feeder,  in  miles. 
Jjength  of  pond,  in  miles. . 


66 

7 
5 


Total,  in  miles 78 

Constmction  anthorized _• Apr.  15, 1817 

Glens  Falls  feeder  authorized Apr.,  1822 

Estimated  cost  of  canal $871,000 

Total  cost  of  canal  and  feeder  to  1868 2,378,910 

Total  cost,  including  improvements  and  enlargements,  to  1875 4, 044, 000 

OSWEGO  CANAL. 


Length,  in  miles 

Lockage,  in  feet 

Average  bnrden  of  boats,  in  tons 

Constrnction  authorized 

Constmction  completed 

Actual  cost  of  constmction. . . . . 


Origrinal 
canal. 

Enlarged 
canal. 

38.00 

38.00 

154.85 

154.85 

62.00 

225.00 

Apr.,  1825 

Apr.,  1854 

Dec,  1828 

Sept.,  1862 

$56,5, 473 

$4, 427, 589 
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Lengthy  capacity ^  and  cost  of  New  York  State  canals — Gontinned. 

BLACK  RIVER  CANAL. 

Length  of  canal,  Rome  to  Lyons  Falls,  in  miles 35. 0) 

Length  of  improved  river  to  Carthage,  in  miles 42.  U) 

Length  of  navigable  feeder,  in  miles 10.  k> 

Lockage,  in  feet .   ..  —  1,082. 2'> 

Average  burden  of  boats,  in  tons +S.1NI 

Constmction  authorized Apr.,  ISW 

Construction  completed  .  IsiS' 

Actnal  cost  of  construction $3,581, S54 

EASTERN  DIVISION   OF  ERIE  CANAL. 

Erie  Canal  is  divided  into  three  divisions,  known  as  the  eastern,  the 
middle,  and  the  western.  The  eastern  division  embraces  the  portion 
of  the  canal,  with  its  feeders  and  side  cuts,  extending  from  the  Hudson 
River  at  Albany  to  the  dividing  line  between  the  counties  of  Herki- 
mer and  Oneida,  and  the  whole  of  the  Champlain  Canal,  with  its 
feeders,  ponds,  and  side  cuts.  The  entire  mileage  of  canals,  feeders, 
and  river  improvements  on  the  eastern  division  is  as  follows: 

Mileage  of  eastern  division  of  Erie  Canal, 

Erie  Canal,  Albany  to  oast  line  of  Oneida  Coimty 103. .'4 

Fort  Schuyler  and  West  Troy  side  cuts 0.:>'» 

Albany  basin .     ....    .. (•"* 

Champlain  Canal,  including  Waterford  side  cut '.li.i*'" 

Navigable  river  above  Troy  dam 3."" 

Glena  Falls  feeder T.'>' 

Navigable  river  above  Glens  Falls  feeder  dam .    _ 5.'"' 

Total • iss.o'i 

Mileage  of  ininarigablc  f'cders  of  the  caster u  (lit'ision  of  Erie  Canal. 

Miles 

IMohawk  River  at  Rexford  Flats o.:?.^ 

Mohawk  River  at  Rocky  Rif  t_    ' ;j.9i 

MoliJiwk  River  at  Little  Falls .  (i.i'» 

Schoharie  Creek 0. 6 1 


Total. -- : .       o.lo 

WATER   SUPPLY    OF  THK   EASTERN    DIVISION. 

To  the  west  of  Little  Falls,  on  the  Erie  Canal,  lies  19.2  miles  of  tb' 
eastern  division,   supplied   from  the    reservoirs  and  streams  of  tli»' 
middle  division      East   of   Little   Falls  the  supply  is  from  Mohavsk 
liiver,  throu<rli  Little  Falls,  Hoeky  Rift,  and  Rexford  Flats  feedei>. 
and  from  Sehoharie  Creek  through  Seholiai'ie   Creek  feeder.     As  to 
tiie  <piantity  of  water  used  on  that  portion  of  Erie  Canal  inelude<l  in 
the  eastei-n  division  very  little  is  known.     With  tin*  exception  of  a  iVw 
//jousand  (!Ul)i(*  feet  per  minute  received   from  the  mid<lle  division, 
the  sapj)ly  is,  as  ]\isl  'wwWeuX'^X,  wW  vV-y\\vA 'v\v>\\\  Moliawk  RivtM-  an<l 
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tributary,  Schoharie  Creek.  Thus  far  no  measurements  of  the 
ual  quantity  used  have  been  made.  Pix)bably  the  total  diversion 
oimts  in  dry  weather  to  from  500  to  tiOO  cubic  feet  i)ei*  second. 
ne  of  this  is  returned  to  Moliawk  River  by  h»aka^e  and  wastaj^e, 
just  what  proportion  is  returned,  and  what  finally  deli  vcM'ed  either 
>  Hudson  River  at  Albany  or  by  the  Troy  and  Fort  Schuyler  side 
s,  is  not  known.  In  view  of  the  magnitude  of  the  [)ower  develop- 
it  on  Mohawk  River  at  Cohoes  it  api>ears  very  desirable  that  such 
etermination  be  made, 
lie  water  supply  of  Champlain  Canal  is  derived  from  Wood  Creek 

I  several  small  streams  to  the  north  of  Fort  p]dwani,  Glens  Falls 
ier,  Hudson  River  feeder,  from  Hudson  River  itself  at  Saratoga 
n,  and  from  Mohawk  River  at  the  Cohoes  dam.  An  investigation 
he  amount  of  water  diverted  from  Hudson  River  for  the  supply  of 
implain  Canal  was  made  by  the  author  in  the  fall  of  181)5. 

Ls  already  stated,  Champlain  Canal  is  fed  from  Hudson  River  by 
ns  Falls  feeder,  which  connects  with  the  river  about  2  miles  above 
ns  Falls  and  from  the  Saratoga  dam  at  Northumberland, 
he  length  of  Glens  Falls  feeder,  from  the  guard  lock  at  its  head  to 
're  it  enters  Champlain  Canal,  about  2  miles  above  Fort  Edward,  is 
;  miles.  From  this  point  the  water  in  the  canal  flows  lK)th  north 
south,  the  total  length  of  canal  fed  by  Glens  Frills  feeder  being 
il  miles.  Fort  Edward  level,  into  which  Glens  Falls  feeder  delivers 
er,  is  a  summit  level,  and  hence  the  water  delivered  into  it,  less 
losses  by  percolation,  evaporation,  etc.,  is  i)artly  discharged  into 
:e  Champlain  and  partly  into  Hudson  River  at  Saratoga  dam. 
implain  Canal  crosses  through  the  i)on(l  formed  by  Saratoga  dam 
n  the  east  side  to  the  west  of  the  Hudson  and  again  passes  out  of 
river,  taking  a  full  supply  therefrom  at  the  village  of  Northum- 
land,  from  which  point  to  Mohawk  River  at  Cohoes  the  distance  is 
>0  miles.  The  water  from  this  sec^tion  by  passing  into  the  Mohawk 
Uy  reaches  the  Hudson  above  the  Troy  dam.  The  canal  crosses 
lawk  River  at  Cohoes,  taking  water  therefrom  Uy  supply  the  section 

II  Cohoes  to  near  West  Troy,  a  distance  of  2. 36  miles.  A  small 
nmt  of  water  also  passes  from  Champlain  C'anal  to  the  Hudson 
)ugh  the  Waterford  side  cnit. 

ince  the  construction  of  Glens  Falls  feeder  there  have  existed 
ous  leaks  though  the  seamy  limestone  rock  in  which  the  feeder  is 
ivat^d  at  and  below  the  village  of  Glens  Falls.  It  is  claimed  that 
losses  through  these  seams  have  generally  increased,  until  for  sev- 

years  past  they  have  amounted  to  about  50  per  cent  of  the  total 

into  the  feeder  at  the  guard  lock. 

his  leakage  has  been  repeatedly  complained  of  by  the  owners  of 
er  power  at  Glens  Falls  and  several  attempts  to  check  it  have  been 
le,  but  without  much  avail.     The  river  falls  38  feet  at  Glens  Falls, 

the  owners  of  the  water  iK)wer  there  claim  that  this  leakage, 
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MUetiffe  of  navigtiNe  feeders  of  the  middie  divinUni  of  Erie  Canal. 

Xflen 

Limestone  Creek  feeder 0.83 

Butternut  Creek  feeder 1.67 

CamiUuB feeder I.W 

Delta  feeder 1.46 

Black  River  feeder 11.3J 

Total 1«.M 

Tlio  total  length  of  cmial,  nver  improvement,  and  navigable  fed- 
oi*s  im  the  middle  division  is  thus  found  to  l)e  299.08  miles.  The 
following  fee<lers  of  the  middle  division  are  not  navigable: 

MUeuije  of  nimaviyaNe  feeders  of  tlie  middle  divinion  of  Erie  Canal, 

Chenango  Canal,  summit  level 5.31 

Leland  Pond  ft»edLT  31 

Madison  Brook  feeder 2.W 

West  Branch  feeder .  5.^ 

Bradleys  Brook  feeder .._ 6T 

Hatch  Lake  feeder il 

Kings  Brook  feeder IX 

Oriskany  Creek  feeder '»3 

Mohawk  feedtT  at  Rome  . . .05 

Oneida  Creek  fireder _ .   2.91 

Cowasselon  Ooek  feeder 1" 

Chitteuango  Creek  ftjeder > 

Cazonovia  Lake  outlet .  n 

Tioughnioga  River  feeiler  ._   l.<") 

De  Ruyter  reservoir  outlet l'- 

Orville  reiuler .V) 

Caniillus  f t'eder  ( unna\ig{ible  i)()rtion ) .•»■"» 

Carpenter  Brook  feeder . .       .1" 

Skaueateles  Creek  feeder ... ."f» 

Putnam  Br(X)k  feeder _ .■.^'' 

Ceuterport  feeder .  b 

Owasco  Creek  feeder -.1'* 

Lansing  Kill  feeder 1.  v' 

Sugar  River  f (MMler .  l^ 

Canachagala  Lake  outlet .   .1'' 

Total :Jt».'H 

Rome  l(»v('l,  whicli  is  a  summit  level,  extends  from  l(K*k  No.  ^^^ 
to  lock  No.  47,  a  distaniM*  of  55. Im;  miles.  The  followinjiC  is  thew^ii- 
mated  water  supply  of  this  level  before  the  iK^giuning  of  the  eularA*- 
meut  n(»w  in  i)rogress. 
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Water  tnipply  of  J^ome  levels  Erie  Conal. 

St»oond-f€»ot. 

I'^^lands  Pond,  Madison  Brook  reservoir,  E^ton  Brook  reservoir,  Bradley 

Crook  reservoir.  Hatch  Ltike,  Kingsley  Brook  reservoir,  and  Oriskany  Creek 

feed  through  the  Chenango  Canal.  Oriskany  Creek,  and  Oriskany  Creek 

feeder  into  the  Rome  level,  6  miles  west  of  lock  No.  46 100 

^lohawk  River.  Black  River,  Forestport  Pond,  Foresti)ort  reservoir.  White 

Ijake  reservoir,  Chub  Lake.  Sand  Lake.  First,  Second,  and  Third  Bisby 

lakes,  Woodhull  reservoir.  Twin  Lakes,  South  Branch  reservoir.  North 

Branch  reservoir,  and  Canacha^j^ala  Lake  f»*e<l  through  the  Rome  feeder 

and  Black  River  Canal  into  the  Rome  level  at  Rome,  14  miles  west  of  lock 

No.46 217 

Oneida  Creek  enters  canal  tlirough  feeder  30  miles  west  of  lock  No.  46 17 

C?owasselon  Creek  enters  canal  throu;^h  feeder  o  1 . 5  miles  west  of  lock  No.  46  3 

Oazenovia  Lake  reservoir,  Erieville  reservoir,  and  C^hittenango  Oeek  enter 

canal  through  Chittenango  Creek  feeder,  41.5  miles  west  of  lo<-k  No.  46; 

average  for  navigation  season  about 47 

De  Ruyter  reservoir  enters  canal  through  Limestone  Creek  ( Fayette ville) 

feeder,  50  miles  west  of  lock  No.  46;  average  for  the  navigation  season 

about 33 

Limestone  Creek  (natural  flow)  also  enters  canal  through  Limestone  Creek 

(Fayetteville)  feeder,  50  miles  west  of  lock  No.  46 8 

Jamesville  reservoir  enters  canal  through  Orville  feeder,  52  miles  west  of 

look  No.  46;  average  for  navigation  season .  . II 

Butternut  Creek' (natural  flow)  enters  canal  through  Orville  feeder,  52  miles 

west  of  lock  No.  46 8 

Total 443 

Jordan  level,  which  is  also  a  suinmit  level,  extends  from  lock  No.  .50 
to  lock  No.  51  and  is  14.!K)3  miles  in  length.  The  following  feeders 
are  tributary  to  this  level: 

Water  i<upplif  of  Jordan  level,  Erie  Canal. 

St>con<i-feot. 

Otisco  Lake  reservoir  fed  through  Camillus  feeder  into  the  canal,  4  miles  west 

oflockNo.50 ..  86 

Ninemile  Creek  (natural  flow)  also  fed  into  canal  through  Ciiiuillus  feeder ...  13 

Carpenter  Brook  feeder 3 

Skaneateles  feeder _ 146 

Total , 248 

The  following  feeders  deliver  water  into  the  Port  Byron  level,  which 
extends  from  lock  No.  51  to  No.  52,  a  distanc^e  of  7.71)  miles: 

Water  supphj  of  Port  Byron  level,  Erie  (\inaL 

Second-feet. 

Putnam  Brook  feeder  at  Woedsix)rt 3 

Owasco  feeder (J9 

Total 72 

Oswego  Canal  receives  abont  107  (nibu*  feet  per  second  from  Erie 
Canal  at  Syracuse.  The  balance  of  its  water  supply  is  derived  from 
Seneca  and  Oneida  rivers.  The  total  amounts  to  about  1,400  cubic 
feet  per  second.  Seneca  and  Cayuga  Canal  receives  about  (57  cubic 
feet  per  second  from  Erie  Canal  at  Moi\toL\x\\\a,  v\\\^ '^Vs^^i  ^>3\i\^i.  ^.v^j^ 
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MUemje  af  navigable  feeders  of  the  middle  diin^um  of  Erie  Caiuii, 

Miles. 

Limestone  Creek  feeder 0.83 

Butternut  Cret»k  feeder _ 1.67 

Camillns  feeder l.W 

Delta  feeder 1.40 

Black  River  feeder 11.29 

Total - 16.33 

'i'ho  total  length  of  (»iinal,  riv^er  iinproveineut,  and  navigable  fetxi- 
ors  on  the  middle  division  is  thus  found  to  be  299.08  miles.  The 
following  feeders  of  the  middle  division  are  not  navigable: 

Mileage  of  untuwigahle  feeders  of  the  middle  diinsion  of  Erie  Cattal. 

Chenango  Canal,  snmmit  level 5.31 

Leland  Pond  feeder   ... 31 

Madison  Brook  feeder 2.99 

West  Branch  feeder 5.S3 

Bradleys  Brook  feeder .._ 61 

Hatch  Lake  feeder. _ tl 

Kings  Brook  feeder l.iC 

Oriskany  Creek  feeder J3 

Mohawk  feedt^r  at  Rome .OJ 

Oneida  Creek  ft^eder _. 2.91 

Cowasselon  Creek  feeder 10 

Cliittenango  Creek  feeder. _   .2S 

Cazenovia  Lake  outlet  . ... .   _ . '»! 

Tioiighiiioga  River  feeder l.ij 

De  Riiy ter  reservoir  outlet .':! 

( )rville  reoder  ... .  _ _       .  V» 

Camillns  feeder  (nnna\ngable  portion ) _ _ . iV) 

Carpenter  Brook  feeder _ .    . .       .  l^^ 

Skaneateles  Creek  feeder .  *) 

Putnam  Brook  feeder . .O*!' 

Centerport  feeder _ M 

Owa.sco  Creek  feeder . .   ...   .       2. 1 ' 

Lansing  Kil I  feeder I.  ^> 

Hugar  River  feeder .U 

Canachagala  Lake  outlet _ _ .  I^ 

Total ev.'M 

Koine  level,  which  is  a  suniiiiit  level,  extends  from  l(K»k  » -^^ 
to  loek  Xo.  17,  a  distance  of  55. Im;  mil(\s.  The  followin<^  i.s*  the^-sli- 
mated  water  supply  of  this  level  before  the  beginning  of  the  eiilarje 
men!  now  in  progress. 
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per  second  from  Seneca  Lake,  making  a  total  of  367  cubic  feet  per 
second. 

The  approximatie  water  supply  of  the  middle  division  of  Erie  Canal 
at  present  may  therefore  be  summarized  as  follows: 

Water  supply  of  the  middle  division  of  Erie  Canal, 

SeooDd^eet 

Frankfort  and  Rome  level 443 

Jordan  level - 249 

Port  Bjnron  level 70 

Total 762 

Oswego  Canal: 

Supply  from  Seneca  River 900 

From  Oneida  River 333 

Total 1,233 

Seneca  and  Gaynga  Canal 300 

Grand  total 2,2^5 

The  present  total  water  supply  of  middle  division  may  thus  be 
placed,  approximately,  at  2,295  second-feet.^ 

RESERVOIRS  OF  THE  MIDDLE  DIVISION. 

As  indicated  in  the  preceding  statement  of  the  water  supply  of  the 
middle  division,  this  division  has  an  extensive  system  of  reservoirs,  as, 
for  instance,  Owasco  Lake,  the  original  surface  of  which  has  been 
raised  by  a  dam  on  the  outlet  about  half  a  mile  below  the  foot  of  the 
lake.  Skaneateles  and  Otisco  lakes  have  also  been  raised  by  similar 
constructions.  Proceeding  east,  the  next  reservoir  is  the  Jamesville, 
formed  by  a  dam  on  Butternut  Creek.  De  Ruyter  reservoir  is  on  the 
dividing  ridge,  at  the  extreme  head  waters  of  Limestone  Creek,  ami 
sux)i)lied  by  a  feeder  from  tlie  head  watei-s  of  Tioughnioga  River,  a 
tributary  of  Chenango  River.  On  Chittenango  Creek,  the  next  strt^am 
east  of  Limestone  Creek,  we  find  Cazenovia  Lake,  controlled  by  a  dam 
at  its  foot  and  Erieville  reservoir  on  the  extreme  head  w^aters. 

On  the  head  waters  of  Oriskany  Creek  and  Chenango  River  there 
is  an  extensive  reservoir  system,  originally  constructed  for  the  pur- 
l)ose  of  supplying  the  summit  level  of  Chenango  Canal,  but  which 
lias  been  retained  in  use  for  tlu^  water  supply  of  the  middle  division, 
the  water  therefrom  being  con<lucted  to  Erie  Canal  at  Utica,  throngb 
the  old  prism  of  Chenango  Canal,  retained  as  a  feeder,  or  to  Erie  Canal 
at  Oriskany,  through  the  natural  channel  of  Oriskany  Creek  and  a 
short  feeder  at  Oriskany  village.  The  reservoii's  on  the  head  waters 
of  Oriskany  Creek  are  Madison  Brook  and  Lelands  Pond  reservoirs: 
those  on  the  head  waters  of  Chenango  Creek,  and  which  are  con- 
nected with  the  summit  level  of  the  old  Chenango  Canal  by  a  feeder 

•  This  is  a  very  general  stiitemeiit,  and  to  bo  taken  in  connection  with  a  largo  amtKint  d 
dotaiied  information  in  tbo  ro\)orta  not  »v«^iftcully  cited  at  this  time. 
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Water  supply  of  Rome  level,  Erie  Canal. 

Second-feet. 

X-«elanda  Pond,  Madison  Brook  reservoir,  Eaton  Brook  reservoir,  Bradley 
Grook  reservoir.  Hatch  Lake,  Kingsley  Brook  reservoir,  and  Oriskany  Creek 
feed  through  the  Chenango  Canal,  Oriskany  Creek,  and  Oriskany  Creek 

feeder  into  the  Rome  level,  0  miles  west  of  lock  No.  46      100 

^£ohawk  River,  Black  River,  Forestport  Pond,  Forestport  reservoir.  White 
Xiake  reservoir,  Chub  Lake,  Sand  Lake,  First,  Second,  and  Third  Bisby 
lakes,  WoodhuU  reservoir.  Twin  Lakes,  South  Branch  reservoir.  North 
£ranch  reservoir,  and  Canachap^ala  Lake  feed  through  tho  Rome  feeder 
and  Black  River  Canal  into  the  Rome  level  at  R(mie,  14  milos  west  of  lock 

1^0.46 _ 217 

C>neida  Creek  enters  canal  tJirough  feeder  30  miles  west  of  lock  No.  4r» 17 

Cowasselon  Creek  enters  canal  through  fetider  ;>  1 . 5  miles  west  of  IcK'k  No.  46  3 

C^zenovia  Lake  reservoir,  Erievillo  reservoir,  and  (^hittenango  Creek  enter 
canal  through  Chittenango  Creek  feeder,  41.5  miles  west  of  lock  No.  4r»; 

average  for  navigation  season  about 47 

I^  Ruyter  reservoir  enters  canal  through  Limestone  Creek  ( Fayette ville) 
feeder,  50  miles  west  of  lock  No.  46;  average  for  the  navigation  season 

about 33 

Xiimestone  Creek  (natural  flow)  also  enters  canal  through  Limestone  Creek 

(Fayetteville)  feeder,  50  miles  west  of  lock  No.  46 8 

Jamesville  reservoir  enters  canal  through  Orville  feeder,  52  miles  west  of 

look  No.  46;  average  for  navigation  season 11 

Butternut  Creek' (natural  flow)  enters  canal  through  Orville  feeder,  52  miles 
west  of  lock  No.  46 8 

Total 443 

Jordan  level,  which  is  also  a  siiiniiiit  level,  exten<ls  from  lock  No.  50 
to  lock  No.  51  and  is  14.1)03  mik^s  in  length.  The  following  feedei's 
are  tributary  to  this  level : 

Water  nupphj  of  Jordan  le,veL  Erie  CanaL 

Second-feot. 

Otiaco  Lake  reservoir  fed  through  Camillus  feeder  into  the  canal,  4  miles  west 

oflockNo.50 86 

Ninemile  Creek  (natural  flow)  also  fed  into  canal  through  Ciimillus  feeder ...     13 

Carpenter  Brook  feeder _ _._      3 

Skaneateles  feeder 146 

Total , 248 

The  following  feeders  deliver  water  into  the  Port  J>yron  level,  which 
extends  from  lock  No.  51  to  No.  52,  a  distance  of  7.71)  miles: 

Water  supply  of  Port  Byron  levels  Erie  CanaL 

Secoml-feet. 

Putnam  Brook  feeder  at  Weedsport 3 

Owasco  feeder _ 69 

Total 72 

Oswego  Canal  receives  about  1(57  cubi(t  A^et  per  second  from  Erie 
Canal  at  Syracuse.  The  balance  of  its  water  supply  is  derived  from 
Seneca  and  Oneida  rivers.  The  total  amounts  to  about  1,400  cubic 
feet  per  second.  Seneca  and  Cayuga  Canal  receives  about  07  cubic 
feet  per  second  from  Erie  Canal  at  Moutez\XT[v«k.,  ^\\^  *^^  ^\5\iVi.\fc<^ 
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Meservoirs  for  tfie  tcater  sujyply  of  Erie  Canal. 


Reservoir 


Rome     levki 

Canal 

WoodhuU 

Bisby  I^ake.  No.  1  a 
Bisby  Lake,  No.  2 
Bisby  Lake,  No.  \i 

Band  Lake 

Chubb  Lake 

WbiteLako 

Canachafirala  Lake . 
North  Branch  Lake 
South  Branch  Lake 

Twin  Lakes 

Forest  port  Pond 
Forestport  reservoir  . . . 

Boo  N  V I  Ll.K       LEVEL— 

Black  Riveh  Canal 

Johdan  level— Erie 

Canal 

8kaneatele.s  Lake 

Otisco  Lake 

Port    Bvhon   levei 

Ekie  Canal 
0\vasi'<  >  Lake 

RiKllKSTKK       LKVKL 

Ekik  Canal 

C r  11 A    LK V KL-^G KN KS EH 

Valley  Canai 

Oil  Crr^'k 

R<x*kville 

Rom h     l  k  V  e  l— E  u  i  e 

Canai 

EricviiUf 

Cazi'iiovia  Lako 

Do  Huytor 

Jann'sville 

Hutch  Liikvh 

Eat(»i)  Hrixtk  h 

BraiUey  lir  H)kh 

Lolaiid  Pond  f> 

^laclisoii  linx.k     

Kiii^'-sley  Brook 


c  . 

^1 


3"= 

■      » 


Cubic  feet. 

S7tJ.5JO.(IOO 

44M«)f>,000 

199. 879. 823 
34,848,01111 
64.468,800 
55,7.56.  two 

337,851,380 

4::i.  312,330 
«),9S4,U00 
13,ft>l.tt» 

21^.444.000 


^.«i®    $5.47 


5,516  :;:.71 
8,134  2B.fl 
5.1(tl|  TS.r 
1,456  ,  26.11 
34,637  1(6  2 
30.1t»  \    47  ST 


2, 174, 51;*,  OW) 
784.000,000 


14,928       G-ST 
43,753     5>>1 


1.481.040.0(10  ! 


36,2IW      25** 


r)0s 


1.4SJ» 


!s:kS 
18J:i 


S.3() 


6i)')     (w 


ii^) 


15.  (» 
"iZ  I  2(>.(> 


4:r>,7;JS.0iJ:) 
lS.-^'(«».OiM» 


7.711     4^".^^ 


1S.')0 
1S*)7 
ISIKI 
1S7I 

ik:}.; 

lS«u 


42S    

1.577     20.0 


340     4()    21.5 


i.ir«»    1(1.0    i.rrs 


l.-,»7ti 


1.):-': 


25. 0 

♦).0 

;>s.() 
:{').() 

25.(1 
:.".».  (I 
:j.J.o 


lL*(i 


134 
254 

i:u 
17:} 
:U') 
li:; 


15 
GO 

.■}(l 
i:{ 
5") 


240 
244 

150 


2k-> 


4.5 

lb.  5 
l«i.  0 
10.0 
.V>.  (» 
2.').  0 
.s.o 
4.*..i» 
20.  <» 


3KK.  424,010 
;^4^.  52:3.  om 
5(^.4«VS,0lD 
17O,(Kh».0il0 

'>S.37o.  4O0 
55:{.212,iM0 
145.<»2(J.(«J0 

.55i.2s7.040 
4ii'>.iii7.(»>i) 

'.»S.445.»".IM 


lO.  S<> 
7s. 7oJ 
150,  (Ml 
4,4<M 
2S.(l5ii 
b;.l.M« 

:i»;,:}oi 
S!».4sl 


ii:.'.- 

:^1  Z\ 
l.>i.  15 
V«2.  .-ft 

110.73 

i.v  <e 

7>  St 
.-17  54 


a  Sui>i)ly  to  canal 
h  .Supj>ly  to  canal 


tlin>n^'h  Forotport  Pond  and  Black  River  Canal. 
thr<»ui;h  Ori.skanv  ( 'i-cck  feeder. 


SHIP-CANAL  PROJECTS  AND  WATER  SUPPLY. 

J>y  virtiK^  of  tlie  li'eoici-apliic  [)()siti()ii  of  Xew  York,  with  thu  (rivat 

Lakes  on  its  woslerii  l)oiiiulary  and  tlie  Atlantic  Oci^aii  on  itseasteri). 

and  with   the  (^•oinnic^rcial   capital   of   the   Western  C-ontiiuMit   as  its 

ciiiel' cit}',  all  diseusskms  oIl  (\.v.^^v  wvvVwway  projects  from  the  TpiHT 


RAfTER,]  SHIP-CANAL   PROJECTS   AND    WATER    SUPPLY.  167 

Great  Lakes  to  the  seaboard  are,  necessarily,  chiefly  discussions  of 
tlie  water  resources  of  New  York.  It  is  proper,  therefore,  that  the 
several  deep  water  projects  now  under  discussion  should  be  briefly 
noticed  in  a  report  of  this  character. 

In  February,  1S1)5,  Congress  ])y  a  joint  I'csolution  authorized  a  pre- 
liminary inquiry  concerning  deep  waterways  between  the  (ireat  Lakes 
Hud  the  ocean,  and  i)rovided  tliat  the  President  should  appoint  three 
commission  el's  to  make  such  in(iuiry.     The  Pn^sident,  under  this  res- 
olution, appointed  Prof.  James  B.  Angell,  of  Ann  Harbor,  Michigan; 
John  E.  Russell,  of  Leicester,  Massachusetts,  and  Lyman  E.  Cooley,  of 
Chiciigo,  Illinois.     The  report  of  the  commission,  as  published  in  1807, 
includes  a  large  amount  of  valuable  information  in  regard  to  a  deep 
Waterway  from  the  Tpper  (Treat  Lakes  to  the  Atlantic  seaboard.     In 
I'egard  to  the  State  of  New  York,  it  has  been  pointed  out  b}'  Mr.  Cooley 
that  nature  has  indicated  two  feasible  routes  for  such  a  canal.    The  first 
of  these  is  the  Oswego-Mohawk-IIudson  route,  extending  from  Oswego 
thi'ough  the  valley  of  Oswego  and  ( )neida  rivers,  and  thence  across 
the  divide  to  the  Mohawk,  thence  through  Mohawk  Valley  to  a  X)oint 
Oil  the  Hudson  in  the  vicinity  of  Troy,  and  so  on  through  Hudson 
ftiver  to  tide  water  at  New  York.     One  objection  to  this  route  is  the 
lockage  over  the  summit  1)etween  Lake  Ontario  and  Mohawk  Valley. 
Another  objection  is  the  absorption  of  a  large  quantity  of  water  in 
f*eiitral  New  York  for  the  suppl}'  of  the  summit  level  of  the   canal, 
Hnd  which  probably  can  be  mori*  effectively  used  in  manufacturing; 
that  is  to  say,  the  State  of  New  York,  by  developing  its  manufactur- 
ing resources  to  their  fullest  extent,  caii  realize   more  return  from 
inHTiiifacturing  than  from  the  use  of  its  inland  waters  for  puri)ose8  of 
internal  navigation  of  any  kind  whatever.     It  nuiy  be  pointed  out  in 
passing  that  the   Oswego-Mohawk-Hudson  route  would    utilize  the 
gnreat  natural  highway  which  has  been  an  easy  passage  to  commerce 
from  the  early  days  of  settlement  on  the  Atlantic  coast. 

The  second  natural  route  through  the  State  of  New  York  is  byway 
of  St.  Lawrence  River  to  the  head  of  Coteau  Rapids,  where  the  low- 
water  level  of  Lake  St.  Francis  is   l/):5.5  feet  above  tide,  or  GS.o  feet 
above  the  low- water  l(»v(»l  of  l^ake  C-hamplain.     On  this  i)lan  a  canal 
would  be  constructed  from  Coteau  Landing  to  the  head  of  Lake  Cham- 
plain,  near  Rouses   Point,  this  section   re<iuiring  cutting  through  a 
summit  about  50  feet  in  lieight.     Lake  Chami)lain  would  then  b<^  util- 
ized to  Whitehall,  from  whi<'h  point  a  canal  would  b(.»  cur  through  the 
valley  leading  from  Whitehall  to  Hudson  River  at  Fort  Edward,  the 
elevation  of  the  water  surface  of  the  Hudson  a  few  miles  below  Fort 
Edward  being  somewhat  less  tluui  the  h>w-water  eh^vation  of  Lake 
.  Champlain.     After  reaching  the  Hudson  the  work  would  include  the 
deepening  of  that  stream  to  deep  water,  a  few  mih's  below  Albany. 
Either  of  the  foregoing  i)rojects  would  further  include*  the  construc- 
tion of  a  ship  canal  coniiecting  Lakes  Kvve  aiuV  OwVvw'w, 
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The  advantas''  "f  tlir  St.  I.jiwreiice-CIianiplain-IIiidsoD  over  tlw 
Oswpyo-MohHwk-Iliidsijii  nnitf  is  that  tin?  lookitst^  wiiiild  lie  nil  in 
one  (lircetion;  lliat  in,  castivnnl-lHnmil  vcssols  would  lock  iliiim  dll 
the  way  from  IjikeEni'lo  New  York.  Its  lUsadvanl  apes  arc  iiii'rfMwd 
length  aii<l  tlio  lix-iilioii  of  the  i-aiial  wmiiPctinH  St.  Laivi-emi- River 
with  Lake  Cliaaipjain  in  L'antuliaii  lerritory.  lu  regard  to  iiiiTwuiwI 
length,  it  is  elaimt-d  that  ool  much  more  time  would  l>e  inquired  iu 
travofsiiifi  it  than  would  be  eoiiaumed  in  locking  over  the  Osir»¥'^ 
Mohawk  summit. 

As  to  the  capacity  (jf  the  in-oposed  eanal,  the  Doojt  tt*aterwiiys Cnm- 
roission  points  out  in  its  n-poi-t  that  such  a  canal,  if  built,  shoulilbe 
floearried  out  as  to  lie  a<lei|tuite  f<ir  vessels  of  the  most  econoinicallype, 
not  only  for  coiuilin^  or  domestic  trade  but.  also  for  the  foreign  move- 
ment, so  that  commci-ce  may  be  cnrried  on  directly  between  lake  ports 
and  other  domestic  and  foreifin  iwrts  without  transshipment.  Tnt- 
ing  into  account  various  other  conditions,  the  commission  believH 
that  the  requirements  of  the  present  demand  a  limiting  draft  in  Ibe 
proposed  canal  of  27  or  28  feet;  hence,  in  eonclndiug  the  generaldis- 
cussion,  the  comniission  reeommends  the  secnriu^  of  a  channel  oF  a 
navigable  depth  of  not  less  than  2S  feet. 

The  commission  also  »iys  that,  starting  from  the  heads  of  Lilies 
Michigan  and  Sujierior,  the  most  eligible  route  for  a  deep  waterway  ig 
through  the  several  Great  Lakes  and  their  intermediate  channels  and 
the  proposed  Niagara  ship  canal  txi  Lake  Ontario,  and  that  the  Cana- 
■  dian  sealxianl  mny  then  be  reacheil  from  Lake  Ontario  by  the  wny  of 
St.  Lnwi-eiice  Hiver,  jinii  tlu'  Aua-iicjiii  senlioard  reached  fmni  Ukf 
Ontario  l)y  w;iy  of  cither  tlic  nswcfio-ibihawk-Hndsoii  route  or  the  SI. 
Lawl■eIu■e-^'hatllI.lIliu-IIlnl.^.ln  miiie.  Tlie  Deep  Waterways  Coimni*- 
siotiwas  not  antlitirized  lo  niiiki'  any  considerable  expendilmv  for 
surveys,  and  lieiici>  llie  c'oni-liisiuiis  announced  are  to  some  degree 
tentative.  In  view  ( 
mended  that,  the  nllc 
l>e  sul)ject  1<i  conipli' 
of  theg<iverning  ccoi 
relative  availability. 

The  commissiun  n! 
Lake  Krie  aiidof  Niii 
the  practical  details  I 
standing  of  the  pli\ 

The  river  and  lia 
War  to  cause  to  !»■ 
cost  of  c<ni.-itrncliii^'a 
within  the  I'nit.'d  : 
waters  of  lliidsoa   H 
,,,■,.'■,.  of  the  lakestoi 
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vjis  subinitlvtl  Iiy  Maj.  Thomas  \V,  Syiiions,  uf  tlie  Corps  of  Engi- 
leei-s,  (Jatod  Jiinp  2.1,  l^'.iT.' 

MiijorSymonsiitjitestliat  thd-eare  thife  possiblf  miUus  lor  theHliJp 
aiiiil,  i-'iitirely  uithiii  tho  Icrritory  of  Ihf  UiiJIeil  Statt's,  fi-om  the 
ireat  Lakes  to  tlip  iiaviptbU-  waters  of  the  lliulson,  as  follows: 

(1)  From  Lake  Erie  via  ihe  upiHT  Niagara  Kiver  to  Ihe  vicinity  of 
\niawaiida  or  La  Sal!*';  tlieiiee  by  vaiial,  with  locks,  eiilier  to  the 
owor  Niagara  at  or  near  I^wiston,  or  to  some  ]>oiut  on  Lake  Ontario; 
hfiK-e  through  Lake  Ontario  to  Oswego:  thewee  up  Oswego  and  Oneida 
iv<-rs  to  Oneida  Lake,  and  through  Oneida  Lake;  thence  across  the 
livide  to  Mohawk  River,  and  down  that  river  to  the  Hudson  at  Tmy; 
hfiK-e  down  the  Hudson.  This  he  designates  as  the  Oswego  route. 
''r<ini  Oswego  t<i  Hudson  River  it  is,  in  efleet,  the  Oswego-Mohawk- 
Iiidson  route,  already  descrilied. 

(-2)  To  follow  either  the  line  of  Erie  Canal  fntm  Lake  Erie  to  Ihe 
Iu<1son,  or  this  line  so  motlificil  as  to  provide  for  a  continuously 
lesfcnding  canal  from  Lake  Erie  to  the  Hudson.  This  In-  designates 
is  the  Erie  Canal  route. 

V-i)  This  rtuite  coinci<les  with  the  lirst  fn>pii  Lake  Eiic  to  Lake 
>iitario,  but  runs  thence  through  Lake  Ontario  lo  St,  Lawn-ncc  River 
ind  down  said  river  to  sonif:  itoint  lumv  i>ii<\fiitthiuti:  ii  ihen  ei-osscs 
he  State  of  New  York-  to  I.;iki- Chaniplain  and  n|>  that  lake  lo  White- 
laH:  and  th..-ii'--  Ir.llows  in  general  Ihe  roiiI«f  -.f  Ihe  Chaniplain 
.'jiDal  to  Hud-'.ri  Ifiv.-,-  at  Ti-oy.  This  iv.ut<-,  however,  ,Major  Hynions 
ironounces  irninu'-'ifiilil'-. 

Thereisa!M"li-cii>-'-.ia  l<iii  rill  route- the  SI.  LawnMice-CltampIain — 
,11  of  whifh-  i-x'-'-pt  a>tiJall  [ctrtion,  is  within  Ihii  Tnilcd  States.  This 
out.-  wi.ul'i  Ix-  via  -Mscara  l-alls.  Lake  Ontario,  the  St.  Lawrence, 
:aughnawaL'a,and  Kitiiejieii  i-iverx,  Lake  Chanijilain, and  thelludson. 

The  opinion  is  e.vpn-'-w-il  thai  the  U-hl  iv,iite  for  the  (ron  tern  plated 
hip  canal  i>  thai  via  Niagara  River,  I.jike Ontario,  Oswego  and  Oneida 

■      '    ' '    ^'■■' "I   Hudson    rlvcr-s.  and  that  to 

'    iTioned  would,  nt 

■    ilcpending  very 

..■■.:ar.i  1.1  H,(.  State 

i  '       'i;il  and  to 

!>.  reser- 
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give,  if  State  restrictions  ace  removed,  commercial  advantages  practi- 
cally equal  to  those  to  be  derived  from  the  proposed  ship  canal,  and 
that  if  Erie  Canal  be  further  improved  by  enlargement  to  a  size  suffi- 
cient for  1,500-ton  barges,  making  such  alterations  in  alignment  as  to 
give  a  continuously  descending  canal  all  the  way  from  Lake  Erie  to 
the  Hudson,  and  canalizing  Mohawk  River,  the  improved  canal,  navi- 
gated by  barges,  would  render  practicable  the  transportation  of  freight 
between  the  East  and  the  AVest  at  a  lower  rate  than  by  a  ship  canal 
navigated  by  large  lake  or  ocean  vessels.  The  difficulty  of  nan- 
gating  large  vessels  through  long,  shallow  canals  is  the  loss  of  tirae 
and  the  consequent  great  increase  in  the  pro  rata  expense  account,  as 
compared  with  the  actual  amount  transported  between  termini.  Major 
Symons  is  also  of  opinion  that  the  enlargement  of  Erie  Canal  on  these 
lines  is  a  project  worthy  of  being  undertaken  by  th*^  Greneral  Govern- 
ment, because  the  benefits  to  be  derived  would  be  commensurate  ^vith 
the  cost,  which  he  estimates  at  approximately  one-fourth  that  of  a 
ship  canal,  or  $50,000,000. 

Space  will  not  permit  abstracting  in  detail  these  sevei*al  interesting 
reports  on  ship  canals  across  the  State  of  New  York.  To  understand 
the  subject  in  all  its  bearings,  reference  must  bo  made  to  the  orijrinHl 
reports. 

The  Oswego-Mohawk-Hudson  route  is  discussed  in  a  report  l»y 
Albert  J.  Himes  in  the  Report  of  the  State  Engineer  and  Surveyor 
for  1805. » 

In  this  report  Mr.  Ilinies  expresses  tlie  opinion   that  a  sufficient 
water  sup])ly  could  not  bo  obtained  for  a  high  summit  level  a(Mu>s 
th(»  divide,  and  henc(^  the  canal  must  be  cut  from  the  level  of  <>nei<]a 
Lake  through  to  the  corresponding  level  in  Mohawk  Valley.     In  tlii> 
way  h(*  proposes  to  use  Oneida  Lake  as  a  storage  reservoir  from  which 
to  discharge  water  both  wavs  to  Oswei^o  and    Mohawk   rivers.     15v 
this  plan  the  surface  of  ()nei<]a  Lake  would  ])e  raised  10  feet,  furni>li- 
ing  1,100  second-feet  continuously  for  seven  months.     AVitln^ut  nn'uvi 
into  detail,  the  writer  can  not  but  believe  that  the  water  supply  esti- 
mated by  Mr.  llimes  is  not  entirely  adequate  for  the  supply  of  sueli  a 
canal  as  has  been  i)roposed.     If  such  a  canal  is  constructed,  iliee\i>e- 
rience  gained  in  the  last  sevent  v-five  vears  ought  to  teach  the  daiiirtr 
of  small  economies  in  designing  the  water  sup[>ly.     Experience  slu»ws 
that  canal  watc^r  supplies  must  be  made  ample,  as  otherwise  a  shortaire 
will  result  sooner  or  later. 

In  a  pa[)er  on  an  enlarged  walei'way  between  the  Great  Lake>  and 
the  Atlantic  seaboard,  published  by  William  Pierson  Judson,  tiie 
water  supply  of  the  summit  level  of  the  Oswego-Mohawk-lhulsoii 
route  is  discusse<l  at  length.  ]\Ir.  .hnl.son  considers  that  it  would  Iw- 
entirely  proper  to  take  whatc^ver  deliciencv  there  might  ho  from  the 

'  Svc  roporton  the  En\arv;o«\  <av\'A\  v\vv  Uw  v>s\vvvv;v>  YvAvvv.hy  AUK»rt  J.  nimos.  reviilfi:  • ;  i:" 
Deer,  KnsttTU  division,  Nk.»\v  York  V^Autoi-juMAs.    \u  X\v.\.\\vv\.*>Va\v'^\ivi.,ww<\^^\>,tv.  tor  th«*  rl---.*' 
your  c  Jul  in  Li  S«*ptoinU"r  -V),  lsa'>. 
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head  waters  of  the  Black  River,  reservoirs  in  addition  to  those  now 
existing  being  constructed  on  the  Beaver  and  Moose  rivers,  tributary 
to  the  Black,  for  the  purpose  of  furnishing  this  water.  He  recognizes 
that  the  item  of  adequate  water  supply  for  such  a  canal  is  vital,  and 
frankly  states  that  if  surveys  and  thorough  investigations  were  to 
show  that  the  demand  for  water  for  such  a  canal  is  beyond  the  capac- 
ity of  the  sources  of  supply,  then  the  Oswego-Mohawk-Hudson  route 
would  be  shown  to  be  impracticable,  although,  as  an  alternative 
proposition,  he  states  that  it  would  be  entirely  practicable  to  sup- 
ply the  summit  level  of  such  a  canal  fi'om  Lake  Erie.  This,  it  is 
pointed  out,  can  be  accom])lished  by  a  feeder  branch  taken  from  the 
present  Erie  Canal  near  Mace<lon,  12  miles  west  of  Newark,  where 
Erie  Canal  is  now  35  feet  above  the  Rome  level.  The  proposed 
feeder,  instead  of  stepping  down,  as  does  the  Erie  Canal,  can  be  swung 
off  to  the  south  on  higher  ground  at  the  necessary  elevation,  passing 
along  the  south  side  of  Clyde  River  and  crossing  Seneca  River  near 
the  Cayuga  Lake  Outlet.  Seneca  River  is  narrowest  here,  and  the 
feeder  could  be  carried  across  it  in  an  open  trunk  on  a  40  to  50  foot 
trestle  about  2  miles  long.  Such  a  feeder  8  feet  in  depth  and  38  feet 
ill  bottom  width  would  carry  1,000  cubic  feet  per  second,  or  enough, 
according  to  Mr.  Jiidson,  to  meet  the  assumed  needs.  On  this 
point,  however,  the  author  differs;  he  can  not  but  think  that  the 
summit-level  supply  as  estimated  by  Mr.  Judson  at  1,000  cubic  feet 
per  second  is  much  too  small.  Mr.  Judson's  discussion  of  the  deep- 
waterway  question  is  further  open  to  criticism  in  that  he  does  not 
ailequatel}^  recognize  the  (economic  value  of  the  New  York  water  sup- 
plies for  use  in  manufactures. 

In  a  paper  read  before  the  Ameri(»an  Society  of  Civil  Engineers  in 
1884,  Elnathan  Sweet  proposed  a  ship  canal  through  to  Lake  Erie  via 
present  line  of  the  Erie  Canal,  except  that  its  alignment  be  recti- 
fied to  follow  the  line  of  the  feeder,  as  proposed  by  Mr.  Judson.  The 
difficulties  of  making  a  ship  canal  on  this  line  are,  however,  so  great 
that  many  engineers  have  considered  it  absolutely  out  of  the 
question.^ 

A  canal  on  the  Oswego-Mohawk-lIudson  route  28  to  30  feet  in  depth, 
with  corresponding  surface  and  bottom  dimensions,  will  probably 
absorb  all  available  water  of  central  New  York,  as  well  as  a  consider- 
able portion  of  Bhick  River.  The  water  powers  on  Mohawk  River  at 
Cohoes  will  necessarily  be  made  subservient  to  the  exigencies  of  such 
a  canal,  although  Mr.  Judson,  in  the  paper  already  i-eferred  to,  has 
pointed  out  how  valuable  these  water  powers  woul<l  ])e  for  seven  or 
eight  months  of  the  year  to  the  manufacturing  cities  of  the  Mohawk 
Valley.  Under  this  head  we  may,  however,  inciuire  as  to  how  the 
water  power  for  only  seven  months  of  the  year  would  be  of  any  special 

>  See  Radical  enlnrKomcnt  of  the  artittcial  waterway  l)otweeii  the  Lukes  and  Hudson  River, 
by  Elnathan  Sweet:  Trans.  Am.  Soc.  Civil  Entf.,  Vol.  XIV,  \^\^.  :i7-l'.W. 
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value  to  tho  oity  of  Colioes,  where,  owinj^fto  tlie  kind  of  manufacturing, 
continuous  power  tliree  hundred  and  ten  days  in  the  year  is  re<iuirwl. 
C'ohoes  had  a  population  in  IJ^OO  of  22,509,  and  is  stated  to  have<rn>wii 
considerably  since,  so  that  in  1897  the  population  is  probably  in  excess 
of  25,000.  This  great  development  is  a  result  of  wise  manaji:<*ment  of 
the  water  power,  without  which  there  is  no  reason  to  suppose  that  the 
area  on  which  the  city  stands  would  have  any  greater  value  than  that 
of  the  surrounding  farming  region.  A  proposition  to  interfere  seri- 
ously with  tlie  water  power  at  Cohoes  can  only  be  looked  on  by  the 
author  as  most  extraordinary.  Indeed,  not  the  least  extraonlinanr 
feature  of  the  present  iigitation  for  ship  canals  across  the  State  of 
New  York  is  the  entire  lack  of  appreciation — so  far  as  the  discus- 
sion indicates — of  the  value  to  the  Stat^  of  New  York  of  its  inland 
watei^. 

Aside  from  the  report  of  Major  Symons,  the  discussion  has  thus  far 
api>arently  proceeded  on  the  8upj>osition  that  the  taking  of  inland 
wat(»rs  for  navigation  i)urposes  was  a  matt^^r  on  a  par  with  the  taking 
of  agricultural  lands  for  right  of  way,  the  economic  value  of  the 
water  for  power  i)urposes  and  the  resulting  effect  on  the  internal 
development  of  the  State  having  thus  far  been  almost  entirely 
ignored. 

^Vhat  the  people  of  the  State  of  New  York  need  to  consider  lirst 
of  all  is  wh(»ther  tlie  inland  waters  are  not  now  worth  more  f(»r  ilian- 
ufacturing  than  tliey  can  possibly  be  worth  for  navigation  purix)ses. 
If  aftci-  investigation  it  is  shown  that  the  water  will  produce  greaUT 
income  to  tlie  ])eoph'  of  the  State  in  manufa<*turing  than  it  ^vill  in 
o]HM'aling  siieli  a  canal,  then  from  inei-e  comiiuM-cial  <'onsider;Ui' ii> 
the  ])eo])]<^  ought  not  to  constMit  to  the  const I'ucl ion  of  such  a  caiia;. 
AVithont  having  1h(^  data  at  hand  for  a  I'ull  <liscnssion.  th«^  aulh":\ 
aftci"  giving  i]\o  matter  car(4'ul  consideration,  is  of  opini<»n  tliat  ilif 
State  of  New  Yoi-k  can  not  afford  to  forego  the  possibility  of  <h'V<*l- 
oping  its  manufact ui-ing  int(M'(*st  in  order  to  fui-nish  wat(*i-  l'(»r  :lu' 
sinmnit  le\'el  of  the  ])ro])osed  <  )swego-Mohawk-IIuds()n  <lee[)-^val*'r 
canal.  At  any  i-ate  w(*  should  know  Just  what  results  may  b<^  e\pe<'»Hl 
befor<'  enibai'king  in  th(MMitei'pi'ise.  If,  howev(»r,  aftcM'  full  inv«'>iii:a- 
tion  it  ai)pears  tiiat  the  canal  water  sn])ply  can  be  obtained  an<l 'he 
manufacturing  inteiests  ])i'otected,  no  reasonable  objection  can  l>e 
urge(l. 

In  order  to  jnstify  the  construction  of  the  shi})  canal  as  a  <-onnin*r- 
cial  i)ro[)osition.  the  saving  on  the  transportation  of  an  (\snniat<Hl 
aiinnal  tonnag<' of  21, ()()(),()()(>  tons  over  the  cost  of  its  transjH>rtaii«Mi 
by  existing  means  and  nn^thods  must,  at  h^ast,  e<iual  the  interesi  *>n 
the  cost  of  tlu*  canal  ])lns  the  annual  cost  of  maintenance  and  ojh  ra- 
tion. The  lii-st  cost  is  taken  at  sl>()(),()()0,0(H),  with  the  maintenan«M- at 
rSi>,()(Hi,o(M)  !)(']•  year.  Assuming  an  int<M'est  charge  of  .*j  per  cfnl.  die 
annual  intei-est  plus  the  maintenance  becomes  i<8,0(K)j>(>0,  which  >uiii 
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^presents  the  annual  exx)ense  of  the  proposed  ship  canal  connecting 
le  Great  Lakes  with  the  Atlantic  seaboard.  As  regai-ds  the  State  of 
ew  York,  there  should  ])e  added  to  this  amount  a  sum  representing 
le  decrease  in  wealth  in  central  New  York  due  to  the  absorption  of 
le  inland  watei-s  of  the  State  away  from  manufacturing  interests  in 
vor  of  na\igation  interests.  As  a  rough  estimate  the  author  places 
ich  decrease  at  not  less  than  $5,()()0,()00  per  year,  although  the 
^crease  would  probabl}^  be  much  greater  than  this,  but  in  the  absence 
(lata  for  full  discussion  he  places  it  at  a  conservative  figure,  which 
n  not  well  be  gainsaid.  On  the  other  hand,  if  the  international  St. 
iwrence-Cham plain-Hudson  route  were  to  be  constructed,  not  only 
)uld  this  source  of  loss  be  entirely  eliminated,  but  since  that  i^lan 
eposes  to  deliver  water  from  St.  Lawrence  River  into  Lake  Cham- 
lin,  and  thence  by  a  through  cut  from  Lake  Champlain  to  Hudson 
ver,  there  would  be  delivered  into  Hudson  River  a  considerable 
antity  of  water  which  would  be  available  for  power  at  Saratoga 
ni,  Mechanicville,  and  Troy.  This  ship-canal  project  thus  increases 
ther  than  decreases  the  productive  capacity  of  the  State.  Moreover, 
is  i)robable  that  the  St.  Lawrence-Champlain-Hiidson  route  can  be 
tistructed  somewhat  more  cheaply  than  the  Oswego-Mohawk-Hudson 
ite. 

Without  wishing  to  i)resent  the  foregoing  as  in  any  degree  a  final 
lelusion,  the  author  can  not  but  think  that  it  is  the  broad  view  to 
ve  of  the  question.  At  any  rate,  this  view  j)resents  a  line  of  inves- 
ation  which  ought  to  be  pursued  to  a  conclusion  before  the  final 
eision  is  made. 

LOSS   OF   WATER   FROM   ARTIFICAL   CHANNELS. 

The  large  amount  of  canal  construction  in  New  York  State  has 
c'ossitated,  in  order  to  provide  ample  water  supplies,  the  collection 
considerable  information  as  to  the  various  sources  of  loss  of  water  to 
ii(*h  artificial  channels  are  subject.  Some  of  the  more  interesting 
ill  Its  mav  be  brief!  v  referred  to. 

The  original  Erie  Canal  was  constructed  with  the  water  surface  40 
^t  wide,  the  bottom  width  28  feet,  and  the  depth  4  feet.  In  1824 
'asurements  of  the  loss  from  filtration  and  evaporation  were  made 
Mr.  John  B.  Jervis  on  the  eastern  division  and  bv  Mr.  David  S. 
it  OS  on  the  western  division.  Mr.  Jervis  states  that  his  measure- 
'iits  were  made  in  the  original  Erie  Canal,  between  the  first  locks 
low  the  village  of  Amsterdam  and  the  aqueduct  below  Sciienectady, 
listance  of  18  miles.  This  section  was  constructed  mainly  through 
.  alluvial  soil,  containing  a  la7*ge  ])ortion  of  vegetable  matter.  In 
me  places  this  soil  was  very  leaky,  owing  probably  to  the  decay  of 
ots,  although  the  greater  portion  retained  water  very  well.  There 
us  a  considerable  quantity  of  gravel  and  slaty  sovl^.     1\^  ^\s^.\vi!^s>^a^i 
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the  quantity  of  water  lost  iu  this  18-mile  section  was  verj'  uniform, 
and  averaged  125  cubic  feet  per  mile  per  minute.^ 

Mr.  Bates  states  that  his  measurements  in  1824  showed  that  a  mile 
of  new  canal,  such  as  Erie  Canal  then  was  l)etween  Brockport  and 
Ninemile  Creek,  would  require  1.7  cubic  feet  of  water  per  mile  per 
second  in  order  to  supply  the  losses  from  filtration,  leakage,  and  evap- 
oration.^  The  following  are  some  of  the  details  of  Mr.  Bates's  meas- 
urements in  1824: 

On  711  miles  of  canal  and  feeder,  comprising  20  miles  of  canal  from 
Rochester  to  Brockport,  57  miles  from  Rochester  to  Cayuga,  and  2 
miles  of  feeder,  the  supply  was  8,000  cubic. feet  i>er  minute,  or  1'21M 
cubic  feet  per  mile  per  minute.  The  months  are  not  stated,  although 
it  may  be  inferred  that  these  observations  are  averages  of  the  naviga- 
tion season. 

Mr.  Bates  further  states  that  in  August,  1824,  he  found  a  total  use 
for  the  20  miles  from  Rochester  to  Brockx)ort  of  2,100  cubic  feet  per 
minute,  equal  to  105  cubic  feet  per  mile  per  minute.  This  section  of 
the  original  Erie  Canal  was  considered  to  be  entirely'  free  from  leakage 
at  the  structures,  and  the  measured  losses  are  therefore  taken  as  those 
due  onlj'  to  percolation,  absorption,  and  evaporation.^ 

In  August,  1830,  Henry  Tracy  and  8.  Talcott,  acting  under  instruc- 
tions from  W.  II.  Talcott,  resident  engineer  of  the  fourth  division  of 
Genesee  Valley  Canal,  made  a  series  of  observations  along  the  line  of 
Chenango  Canal,  with  a  view  of  determining  the  evaporation,  filtra- 
tion, and  leakage  at  the  mechanical  structures,  and  whatever  e\^ 
might  be  useful  in  the  designing  of  the  water  supply  of  the  suiiiini' 
level  of  Genesee  \'allev  Canal. 

For  the  puri)()ses  of  the  nieasurenKMits  they  selected  a  portion  of  the 
canal  e.\t<Mi(ling  fi-oni  the  north  (Midof  the  suniiiiit  level  to  Erie  Canal, 
22  miles  in  length,  on  which  the  total  supply  on  August  31  was  found 
to  be  ol)  cubic  feel  j)er  second.  The  leakage  and  waste  at  aque«liu'i>. 
waste  weirs,  and  at  lock  No.  1  at  the  northern  end,  were  fouii<l  to  i-*- 
15  eiibie  feet  per  second,  thus  leaving  tlie  eva[Hjrati()n  and  liltratiini 
on  22  miles  at  2-1:  ctibic  feet  per  second,  equivalent  to  l.i)l*  eubie  (M 
per  mile  per  second.  It  may  be  observed,  however,  tliat  a  nieasiuv- 
nient  made  at  the  end  of  August  would  probably  not  show  a  maxiiuiini 
of  either  evaporation  or  absorption  by  vegetation.  Estimating  tlu^se 
elements  at  the  maximum,  we  may  assume  from  1.33  to  i.r»7  <*ubi(*tVt'f 
j)er  mile  per  second  as  a  more  reliable  (luantity  than  the  l.o!»<nibi<* 
feet  per  mile  per  scH'ond  here  actually  observed. 


'  Krport  of  .I(»lin  15.  .TltvIs  to  the  ciinal  comiuissioiKTs,  on  tlie  C'beuanfrji>  Canal.  Auti  u-i't 
Canal  Com.  il>>-M).     Ass.  I)of.  Xo.  .V),  p.  54. 

-Hcport  of  David  S.  liati  s  to  the  canal  coiiunissionorM.on  the  Chf>uang:t)  Cnnal  \  ls:si..  A"--  I'"* 
Xo.  4;,  p.  :U. 

^S.M'  i-oport  of  F.  C.  31111s  iu  relation  tf>  the  (iontvseo  VaHoy  Canal  vl^4«>..  A.s.s.  Dtx-.  Xo.:''i  ?  -V 
See  also  report  of  W.  II,  Taleott  in  the  -am<'  <l<)eninent.  These  two  reports  eontaii;  a  sut-  u..»r:' 
of  all  that  had  l>een  done  in  the  way  of  nieasurmieuts  of  th''  various  losses  iit>w  under  dii-  u^-^i  '-' 
up  to  that  time,  as  well  as  a  number  i>i  references  to  foreijjfu  data. 
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Messrs.  Tracy  and  Talcott  also  measured  the  leakage  and  waste  at 
the  various  mechanical  structures,  etc.,  which  were  as  follows:  Leak- 
age at  structures,  220  cubic  feet  per  minute;  waste  at  waste  weirs, 
204  cubic  feet  per  minute;  leakage  at  lock  No.  1,  at  the  north  end  of 
the  section,  479  cubic  feet  per  minute.  This  amount,  Mr.  Talcott 
remarks,  was  so  much  greater  than  at  any  other  lock  on  the  canal  as 
to  induce  the  belief  that  the  gates  were  not  properly  closed  at  the 
time  of  measurement.  At  lock  No.  69  on  the  same  canal,  the  leakage 
was  382  cubic  feet  per  minute  from  an  8-foot  lift. 

Mr.  Talcott's  report  is  very  able,  and  presents  forcibly  all  the  data 
at  hand  at  that  time.  It  may  be  said  that  the  data  a\  hich  lie  gave 
fixed  the  following  quantities  as  fairly  covering  the  various  losses  to 
which  artificial  waterways  of  the  dimensions  of  the  original  canals  of 
this  State  are  subject:* 

(1)  Loss  by  filtration,  absorption,  and  evaporation,  1(X).0  cubic  feet 
per  mile  per  minute.  With  retentive  soils  this  could  be  reduced  to 
from  60  to  70  cubic  feet  per  mile  per  minute.  Mr.  Talcott  fixed  on 
66  cubic  feet  per  mile  per  minute  for  Genesee  Valley  Canal,  which 
was  largely  built  through  heavy  soils;  but  this  was  subsequently  found 
too  small. 

(2)  Leakage  at  mechanical  structures;  for  locks  of  11  feet  lift, 
500  cubic  feet  per  minute;  for  leakage  and  waste  at  each  waste  weir, 
30  cubic  feet  per  minute;  for  a  wooden-trunk  aqueduct,  an  amount 
depending  on  the  length  of  the  structure,  but  as  an  average,  0.35  of 
a  cubic  foot  for  each  linear  foot  of  trunk  may  be  taken. 

In  response  to  a  resolution  of  the  canal  commissioners  of  April  12, 
1841,  Mr.  O.  W.  Childs,  then  chief  engineer  of  Erie  Canal,  prepared  a 
report  on  the  water  supply  of  the  western  division  with  reference  to 
the  enlargement  then  in  progress.-  In  this  paper  31  r.  Childs  gives 
the  results  of  measurements  made  by  himself  in  1841  of  losses  from 
filtration,  absorption,  evaporation,  and  leakage  on  the  original  Erie 
Canal  between  Wayneport,  in  Wayne  County,  and  Pit  Lock,  which 
corresponded  to  lock  53,  near  Clyde,  of  the  present  canal.  He  also 
gave  the  result  of  measurements  made  by  Alfred  Barrett  between 
Pittsford  and  Lockport. 

Mr.  Childs's  measurements  were  for  a  section  of  the  canal  30.02  miles 
in  length.  On  the  Palmyra  level,  for  a  distance  of  8.34  miles,  where 
the  soil  is  open  and  porous  the  measurements  showed  a  loss  of  1.81 
cubic  feet  per  mile  per  second.  On  the  Clyde  level  with  a  more  reten- 
tive soil  the  losses  from  filtration,  al)sorption,  and  evaporation  were, 
for  a  distance  of  27.08  miles,  only  0.59  cubic  feet  per  mile  per  second. 
The  entire  loss,  including  leakage,  was,  for  the  whole  distance,  1.40 
cubic  feet  per  mile  per  second.     These  measurements  were  made  for 


*  The  quantities  hor(»  f^ivoii  apply  to  canals  40  feet  by  :i8  and  4  feet  de«?p,  and  with  locks  IX)  feet 
in  length  and  15  feet  in  width  and  H  t«  U)  feet  lift. 

5  See  Supply  of  water  reciuired  for  the  canal  between  Lockport  and  the  Sene<*a  River,  by 
O.  W.  Childs:  Ann.  Rept.  Canal  Com.  (184*<).    Ass.  Doc.  No.  l(i,  pp.  141-175. 
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H  toriu  of  thirty-three  days,  from  July  30  to  August  31,  inclusive. 
Measurements  were  also  made  in  June,  early  in  July,  and  in  the  fol- 
owinji:  Oetober,  from  wliieh  the  conclusion  was  derived  that  demands 
were  greater  and  the  supply  less  for  the  time  during  which  the  fore- 
going observations  wer<>  takcMi  than  during  any  other  portion  of  the 
season. 

Mr.  Barrett's  measurements  were  made  at  various  points  on  the 
original  canal  between  Pittsfdrd  and  Lockport,  and  repeated  each  day 
from  Jul}'  17  to  September  30,  inclusive.  They  showed  an  average 
loss  for  the  whole  period  of  73.0  cubic  feet  per  mile  per  minute. 
Assuming  the  same  ratio  of  loss  between  Pittsford  ajid  Wayneport, 
there  resulted,  for  the  entire  distance  of  122  miles  from  Lockport  to 
Pit  Lock,  an  average  loss  of  07  cubic  feet  per  mile  per  minute.  Mr. 
Childs  states  that  an  addition  to  the  foregoing  quantity  should  be 
made  as  an  allowance  for  springs  and  several  small  streams  entering 
the  canal  which  could  not  be  measured.  Making  such  additions  he 
concludes  that  1.42  cubic  feet  per  mile  per  second  should  be  taken  as 
the  total  quantity  consumed  on  the  122  miles  of  canal  under  consid- 
eration, which  is  equivalent  to  a  total  of  173  cubic  feet  i)er  second. 
It  is  stated  in  the  original  reports  that  the  supx)ly  of  wat«r  was  ample 
for  all  the  purposes  of  navigation  during  these  measurements. 

Comparing  ]\Ir.  Childs's  measurements  of  1841  with  those  made  by 
Messrs.  Jervis  and  Bates  in  1824,  one  point  of  great  pra<*tical  utility  is 
strongly  brought  out,  namely,  as  to  the  excess  of  loss  of  water  in  new 
canals  over  those  some  time  in  use;  thus  Mr.  Bates  found  in  lS-4,  on 
tho  same  i-cach  of  canal  as  was  measured  l>v  ^Ir.  Childs  iiils41,a 
total  loss  of  from  1  J*»s  lo  1.75  cul)ic  I'eet  per  mile  per  s(*ct)nd.  It  may 
Ix'  assumed  that  tlu^  sprinirs  aiid  streams  allowetl  for  by  ]Mr.  Chil'U 
were  delivei'ing  into  l]i<.»  canal  in  1S24  the  same  as  in  1841,  at  \{-i\< 
0.17  to  0.2.")  cubic  tVet  per  mile  per  second.  We  have,  then,  as  ilio 
total  sup[)ly  in  1Sl'4  from  l.*.)2  to  2.00  cubic  feet  ])er  mile  per  seroiui- 
Adoptimr  the  latt<'r  tigui-e  as  a  maximum  to  (M)nipare  with  Mr,  Cliiltl>> 
tigiire  of  1.42  cubic  feet  pei-mile  per  second,  as  found  in  1841,  ilu'cou- 
clusion  is  rea<'h(Ml  that  the  deci^^ase  in  th<^  loss  by  filtration — due  pre- 
sumably to  the  gradual  silting  up  of  the  bottom — is  something' like 
0.75  cubic  fe(M  pel*  mile  per  second. 

This  conclusion  may  Ix^  a])plied  to  the  conditions  of  the  Erie  CanHl 
enlai'gement  now  in  progress,  in  which  it  is  proposed  to  excavate  1 
foot  from  the  bottom  of  manv  of  the  lev(^ls.  The  effect  of  this  will  i)e 
to  remove  the  silt  accumulations  of  many  years,  thus  placing  the  lx->t- 
tom  of  the  canal,  as  i"ei;ar(ls  porousness  and  conse<[U(Mit  percolation 
and  lilti-alion  loss,  in  the  same  condition  as  when  constructe<l.  This 
considcj-ation  alone  indicates  the  iiecessitv  of  makinir  the  \vat»'r  >ii[> 
ply  of  the  enlarged  canal  libei'al  in  or<ler  to  answei- the  demaml>*'i 
the  tirst  few  years  while  the  bottom  is  again  attaining  a  lixed  cninl:- 
lion. 
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Under  this  head  it  may  be  remarked  that  the  experience  of  seventy- 
five  years  in  the  operation  of  tli(^  New  York  Stat^  canals  has  thoroujj^hly 
shown  the  futility  of  any  attempt  at  excessive  economy  in  water  sup- 
ply. In  the  absence  of  systematic  information  as  to  yield  of  streams, 
the  jJTcneral  tendency  has  be(Mi  to  overrate  the  summer  flow,  with  the 
result,  of  shortage  frequently  at  points  where  th(?  supply  was  believed 
to  b(i  ample.  The  chief  sources  of  such  shorta<j;e  may  be  enuuierated 
as  follows: 

(1)  The  great  variation  in  the  yield  of  drainage  areas  from  year  to 
year,  by  reason  of  differences  in  the  rainfall,  hunudity,  and  tempera- 
ture. 

('2)  The  cutting  off  of  for<*sts,  which  has  increased  somewhat  the 
spri ng- flocKl  flows  and  <lecrease<l  the  summer  flow. 

(3)  The  systematic  drainage  of  large  areas,  which  has  also  tended 
to  increase  the  flood  flows  and  decre^ise  the  summer  flows. 

(4)  Tlie  growth  of  aciuatic  plants  on  long  levels  and  the  formation 
of  sand  bars  in  the  canal,  which  have  tended  to  decrease  the  amount 
passing. 

Among  minor  sources  of  loss,  evaporation  and  absorption  by  grow- 
ing plants  may  be  mentioned,  both  of  w inch  vary  somewhat  in  differ- 
ent years,  although  neither  can  be  considered  a  serious  source  of  loss. 
A  number  of  other  measurements  of  the  losses  from  the  original  Erie 
Canal  are  recorded  in  the  reports,  but  the  foregoing  are  sufficient  for 
present  purposes.^ 

A  study  of  all  the  measurements  in  detail  shows  that  in  an  artificial 
channel  of  the  dimensions  of  the  original  Erie  Canal,  and  constructed 
on  the  American  system,  there  should  be  provided  at  least  80  to  100 
cubic  feet  per  mile  per  minute,  exclusive  of  water  for  tilling  and  for 
lockages. 

Using  the  data  of  the  measurements  of  1841,  3Ir.  Childs  arrived  at 
the  water  supply  of  the  enlarged  canal  of  that  day  in  the  following 
manner:  It  was  assumed  that  the  loss  by  titration  through  the  bot- 
tom and  sides  of  the  canal  would  be  as  the  square  root  of  the  i)ressure 
or  depth  of  the  water,  and  as  the  area  of  the  surface  pressed.  Pro- 
ceeding on  this  assumption,  he  computed  the  (juantity  recpiired  to 
supply  the  losses  from  filtration,  leakage,  and  evaporation  (in  the 
enlarged  canal,  1840  to  1800),  at  .'3.17  cubic  feet  per  mile  per  second. 
This  figure  was  subse<iuently  substantially  a(loi)t<Ml  for  the  entire 
enlarged  canal,  and,  with  the  exception  of  a  few  special  cases,  is  still 

in  use. 

Adding  the  amount  re([uired  for  lo(»kages  at  lo(.*k  53,  Mr.  Childs 
placed  the  entire  supply  for  the  western  division,  from  Lockport  to 
the  east  end,  at  3.48  cubic  feet  per  mile  per  second,  or  at  a  total  of 
424  cubic  feet  per  second  for  122  miles  of  canal. 

The  canal  enlargement  now  in  progress  (H)ntemi)lates  an  increase  in 

»Ass.  Doc.  (1840),  No.  00.  p.  »5;  also  Ass.  Doc.  (1842;,  No.  24,  p.  :37. 
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depth  from  7  to  9  feet.  Taking  into  account  the  results  of  the  meas- 
urements on  the  original  Erie  Canal,  as  well  as  those  made  by  3Ir. 
Cliilds  on  the  enlarged  canal  of  1840  to  18r>0,  it  has  been  concluded 
that  tlie  proper  figure  for  water  supply  on  the  western  division,  to 
which  the  studies  thus  far  specially  refer,  should  be  taken  at  from  4.17 
to  4.0  cubic  feet  per  mile  per  second.^ 

As  to  the  use  of  water  for  lockage,  leakage  of  gates,  drawing  and 
swelling  of  boats,  and  for  turbine  water  wheels  to  operate  gate-lifting 
machinery,  reference  maj'  be  nmde  to  the  Annual  Report  of  the  Stat« 
Engineer  and  Surve^'or  for  1880,  where  data  covering  these  different 
points  may  be  found. 

Ordinarily,  the  flow  of  a  natural  drainage  channel  increases  farther 
down  the  stream.  The  outlet  of  Skaneateles  Lake,  however,  appears 
to  present  an  opposite  example — that  is  to  say,  there  is  less  water 
flowing  at  the  mouth  of  the  stream  than  at  its  head.  Tliis  statement 
is  derived  from  a  report  on  the  water  supj^ly  of  the  middle  division  of 
Erie  Canal,  made  in  1802,^  according  to  which  measurements  were 
made  by  Mr.  S.  H.  Sweet  of  the  flow  through  the  natural  channel  of 
the  Skaneateles  Outlet,  10  miles  in  length,  discharging  into  the  Erie 
Canal  at  Jordan.  Mr.  Sweet's  measurements,  which  were  continued 
through  the  dry  season  of  1859  and  the  entire  season  of  navigation, 
apparently  indicated  a  loss  of  water  of  more  than  3,(^00  cubic  feet  per 
minute  in  this  natural  channel.  The  detail,  however,  is  lacking,  and 
probably  before  accepting  this  as  a  fact  the  measurements  made  in 
1859  sliould  bo  verified. 

I  SE   AXl)   VALI'E   OF   WATKR    POWER. 

WATER    POWER    OF    ERIE    CANAL. 

WluMi  Erie  Canal  was  fii-st  constructed  the  i)olicy  was  adopt (m1  of 
leasing  tlie  so-calknl  surplus  waters  for  jmwer  puri)<)ses.  I'nder  the 
terms  of  tho  act  of  1825,  leases  were  nmde  during  ^S'2^')  an<l  subsequcii- 
yeais  to  a  number  of  persons  at  Black  Rock,  Lockport,  and  otiier 
localities. 

roWKK   AT   BLACK   ROCK. 

Tlic  <2:ranling  of  tlieso  leases  and  the  resultant  development  of  larjre 
manufacturing  interests  at  several  points  have  raised  certain  tn^'o- 
nomic  questions  which  will  now  be  briefly  discussed.  The  water 
power  at  l)lack  Rock,  for  which  several  leases  were  i^rrauted,  nia\  l>e 
first  nientioiied.  This  powei-  is  created  by  the  ditTorcnce  in  level 
Ix'tween  the  water  in  Erie  Canal  and  Black  Rock  Harbor  and  that  in 
Xia.icara  River  outside  the  harbor  wall,  this  difTerence  of  water  level 


'  TIk'  forc'^xoinp  statt'ineuts  in  roj^aiMl  t<>  lueasurcmont.s  of  water  sui)pl5'  of  Erio  Ca:-:*!  ir-" 
ali'-t rafted  troin  a  n*i)ort  on  tin*  water  su])i)ly  of  tlio  western  division  of  the  Erie  C^:m1. 'T 
the  author,  and  are  to  Ik*  lonnd  in  Ajjpendix  I  to  the  Ann.  Kept,  of  the  State  Eiig'.  i\n<\  Surv.  f  r 
the  lis  al  year  ending' Se]>tenil)cr  :><>,  ls<»«). 

*Se«'  Ann.  Kept,  of  State  Eug.  and  Surv.  for  the  fiscal  year  ending  September  JW,  l^^i2.  pp,  4;'.'.4*-»i 
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ainoiintin|i^  to  from  4  feet  to  4.5  feet.  As  measured  in  the  spring  of 
1800,  at  a  point  near  the  ship  lock,  it  was  about  4  feet.  According  to 
the  report  of  the  assembly  committee  of  1870,  as  referred  to  in  the 
footnote,  there  were  formerl}'  ten  mills  in  operation  at  Black  Rock, 
using  2,744  second-feet  of  water.  The  power  developed  by  these 
mills,  and  all  operating  at  full  capacity,  is  estimated  at  not  exceeding 
520  horsepower.  Owing  to  the  decline  of  the  milling  business  in  New 
York  State  a  number  of  these  mills  have  x^assed  out  of  existence. 

The  four  mills  still  in  existence  require  about  1,200  cubic  feet  of 
water  per  second  to  operate  them  at  the  full  capacity  of  the  wheels 
now  in  place. 

The  use  of  water  by  tlie  Black  Rock  mills  has  always  been  a  detri- 
ment to  navigation.  When  all  were  running  the  amount  of  w^ater 
actually  drawn  through  the  canal  and  harbor  for  their  supply,  and  for 
the  supply  of  the  canal  to  the  east  of  Buffalo,  was  fully  3,300  cubic 
feet  per  second.^ 

When  all  the  Black  Rock  mills  were  in  operation  the  great  draft 
of  water  so  obstructed  the  navigation  that  the  legislature  finally 
autliorized  the  construction  of  a  division  wall  in  Black  River  Harbor, 
by  which  it  was  expected  that  the  water  supply  for  the  mills  would  be 
entirely  taken  from  the  harbor,  leaving  the  channel  of  the  canal  pretty 
nearly  free  for  the  purposes  of  navigation;  but  after  the  greater  part 
of  the  wall  was  completed  it  was  ascertained  that  because  of  the  silt- 
ing of  the  upper  harbor  with  sewage  mud,  as  well  as  drifting  sand 
from  the  lake,  there  would  be  difficailty  in  obtaining  the  full  sux)ply  for 
the  mills  through  the  liarbor,  without  extensive  dredging.  The  divi- 
sion wall  was,  therefore,  never  completed,  two  gaps,  amounting,  in  the 
aggregate,  to  several  hundred  feet,  having  been  left  below  Terrj^ 
street.  There  was  thus  an  expenditure  of  about  ^350,000  for  the  bene- 
fit of  the  milling  interests  which  is  entirely  without  effect  for  lack  of 
completion.  Under  the  present  (conditions,  however,  of  entire  decline 
of  the  Black  Rock  milling  interests,  there  is,  of  course,  no  reason  why 
the  wall  should  be  comi)leted,  and  the  matter  is  discussed  here  at  all 
merely  for  the  purpose  of  bringing  out  clearly  the  struggle  between 
the  navigation  interests  and  the  manufacturing  interests,  which  1ms 
been  in  progress  in  New  York  State  for  the  last  seventy-five  years. 

POWER   AT  LOCKPORT. 

At  Lockport  the  construction  of  the  Erie  Canal  through  the  moun- 
tain ridge  created  a  fall  of  58  feet  at  a  single  point,  and  since  the  use 
of  wat^r  for  lockage  purposes  is  only  a  snmll  part  of  the  whole  flow. 
The  balance  required  to  feed  the  canal  to  the  east  of  Lockport  is  neces- 
sarily discharged  around  the  locks  into  the  lower  canal  by  means  of 


■  The  assembly  committoe  of  1870  give  tho  followinsr  figures  as  then  applicable:  Lower  Black 
i      Rock  mills,  1,887  second-feet;  upper  Black  Rcx^k  mills,  858  second-feet;  for  supply  of  canal,  588 
second  feet;  total,  S,32S  second-feet. 


I  - 
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sluiceways.  Under  the  provisions  of  the  laws  of  18:35,  a  public  auc- 
tion was  held  in  the  villa;;ife  of  Lockport,  in  the  fall  of  that  year,  and 
the  right  to  use  this  surplus  water  sold  to  ^fessi-s.  Richard  Kennedy 
and  James  II.  Hatch,  whose  successors  at  the  present  day  constitnte 
the  Lockport  Hydraulic  Power  Company. 

Lockport  has  usually  been  considered  more  purely  a  result  of  the 
canal  development  than  any  other  point  in  western  New  York,  for 
the  reason  that  while  nearly  all  other  towns  in  the  i-egion  had  some 
growth  before  the  Erie  Canal  was  located,  it  wa.s  only  in  L^'JI,  after 
tlie  present  location  for  the  canal  had  been  definitely  decided  on.  that 
the  nucleus  of  a  village  was  formed  here  by  the  contractors  and  their 
workmen  employed  on  the  canal.  In  1820  there  was  no  frame  house 
or  barn  within  5  miles  of  Lockport,  and  there  were  less  than  GW  acres 
of  cleared  land  in  the  4  square  miles,  of  which  the  city  of  Lockpc^rt  is 
now  the  center.  Moreover,  there  are  no  natural  advantages  which 
would  have  naturally  led  to  the  growth  of  an  important  town  at  this 
point.  The  water  supply  of  the  region  is  so  deficient  that  even  to 
this  day  the  city  takes  its  public  supply  from  Erie  Canal,  which  is 
grossly  polluted  with  sewage  from  the  city  of  Buffalo.  It  may  be  con- 
sidered, therefore,  that  the  city  of  Lockport  owes  its  existence  entirely 
to  the  creation  by  Erie  Canal  of  a  large  water  power  at  this  i)oiuL 

When  once  started,  however,  under  the  impulse  of  the  canal  develop- 
ment, Lockport  grew'  rapidly  until,  in  1829,  with  a  population  of  3,0Ci^, 
it  was  incorporated  as  a  village,  and  in  1865  as  a  city.  The  ixipulation 
in  ISIM)  was  10,O:58,  in  1807  it  is  estimated  at  over  i7,0(X). 

The  total  Investment  in  manufacturing  plants  at  Lockport  depeml- 
enl  on  th(^  Erie  Canal  water  supply  amounts  to  ^i\5^U,tKX>.  The  total 
number  of  ostablishnients  is  ;?3,  employing  1,880  operatives.  The 
total  i)()\ver  now  in  use  on  Erie  Canal  proper  is  :2,r»25  net  hoi-sepower. 

A  short  distance  to  the  east  of  the  foot  of  the  locks  a  small  stream 
known  as  the  West  IJranch  of  Eighteenmile  Creek  crosses  under  the 
eanal.  This  stream,  although  having  a  drainage  area  of  only  1  i»r- 
sciuare  miles  to  tlie  south  of  tjie  eanal,  has  cut  a  deex>  valley  with 
rai)id  fall  for  a  considerable  distance  to  the  north  of  tlie  canal.  In 
order  to  provide  for  discharging  the  sur2)lusAvaters  from  the  canal, an 
overflow  into  Eighteenmih*  Creek  was  constructed  at  an  earlv  ilav. 
A  mill  was  also  permitted  to  take  water  from  the  lower  level  and  ili5- 
charire  its  tail-water  into  the  creek.  Finally  tlie  Jackson  Lumber 
Company  was  |K'rinitted  to  construct  a  sluiceway  on  the  towpath  side, 
through  which  it  diew  for  many  y(»ars  about  OOO  seconil-feet,  and 
which  was  all  discharged  into  Eighteenmile  Creek.  Complaints  hav- 
ing freciucntly  bee  ii  made  that  boats  were  drawn  against  this  sluice 
on  the  towpath  side,  the  superintendent  of  public  works,  in  1>I'-. 
granted  a  formal  j)ennitto  the  Jackson  Lwmber  Company  toeonstruer 
a  sluice  and  subway  under  the  canal  bottom,  by  which  thiswateri^ 
now  drawn  from  the  berme  side.     Under  this  permit  a  substantial 
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masonry  sluice  was  constructed  in  1893.  In  the  meantime  the  Jack- 
son Lumber  Company  has  gone  out  of  existence,  and  this  water  power 
has  passed  into  the  hands  of  the  Traders'  Paper  Company,  which  now 
occupies  the  site  with  its  pulp  mill  No.  1. 

West  Branch  of  Eighteenmile  Creek  descends  about  175  feet  within 
the  limits  of  the  city  of  Lockport,  of  which  148  feet  have  been  utilized 
for  power  during  recent  years. 

The  following  are  the  companies  now  using  power  on  this  creek  and 
the  horsepower  used  by  each : 

Power  utilized  on  West  Branch  of  Eighteenmile  Creek, 

Horsepower. 

Traders' Paper  Company.. 1,060 

Lockport  Paper  Company 230 

Niagara  Paper  Company i 115 

Westerman  and  Company 330 

Cascade  Pulp  Company 925 

Cowles  Smelting  Company. . .   1, 185 

Total 3,886 

The  output  of  the  establishments  on  West  Branch  of  Eighteenmile 
Creek  is  about  $2,000,000  a  year;  but  this  sum  includes  the  output 
of  the  Indurated  Fibre  Company,  which,  while  operating  by  steam 
power,  depends  largely  for  a  supply  of  pulp  on  the  Cascade  Pulp 
Ck>mpany.  In  any  case,  the  figures  show  the  magnitude  of  the  manu- 
f^turing  interests  which  have  been  fostered  in  the  valley  of  West 
Branch  of  Eighteenmile  Creek,  by  discharging  into  that  stream  about 
800  second-feet  of  water  from  the  Erie  Canal. 

With  2,625  net  horsepower  in  use  on  the  canal  proper,  and  3,835  on 
West  Branch  of  Eighteenmile  Creek,  the  total  actually  in  use  at 
Looki)ort,  and  dependent  on  Erie  Canal  for  its  water  supply,  is  6,460 
net  hor8ei)ower. 

No  statements  as  to  the  value  of  the  annual  product  of  the  manu- 
facturing establishments  on  the  raceways  of  the  Lockport  Hydraulic 
Power  Company  have  been  given.  It  is  therefore  impossible  to  state 
accurately  the  value  of  the  total  annual  product  at  Lockport.  As 
geveral  of  the  establishments  there  are  very  extensive,  including  the 
Holly  Manufacturing  Company,  it  may  be  assumed  that  the  annual 
output  of  this  portion  of  the  Lockport  manufactories  has  a  value,  at 
least,  of  11,000,000;  hence  we  reach  a  total  value  of  the  annual  prod- 
uct for  the  whole  city  of  about  $3,000,000. 

The  annual  rental  paid  to  the  State,  under  the  terms  of  the  original 
lease,  is  only  $200.  At  first  sight  it  appears  that  there  is  here  a  most 
marked  case  of  what  could  only  be  termed  blundering  on  the  part  of 
State  officials,  although  on  analyzing  the  matter  it  is  found  that  this 
extreme  view  is  hardly  correct.  In  the  first  place  it  must  be  remem- 
IBR25 6 
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bered  that  this  lease  was  granted  not  onl3'  by  authority  of  an  act 
of  legislature,  but  was  only  granted  after  a  public  auction  had  been 
held,  at  which  Messrs.  Kennedy  and  Hatch  were  the  highest  bidders. 
As  already  shown,  had  not  the  special  conditions  created  by  Erie 
Canal  existed  at  Lockport,  there  would,  in  all  probability,  have  been 
no  thriving  city  at  that  point,  but  the  area  on  which  Lockport  now 
stands  would  have  been  farming  land,  with  no  moi'e  value  than  now 
attaches  to  farming  lands  in  the  adjoining  township  of  Lockport. 

In  order  to  show  the  results  of  this  lease,  at  $200  a  year,  a  study  has 
been  made  of  the  growth  of  Lockport  from  the  year  1865,  when  Lock- 
port  became  a  city,  to  1896.  It  appears,  for  instance,  that  the  valuation 
of  the  city  has  increased  from  less  than  83,000,000  to  over  $6,700,000, 
and  that  the  total  State  tax  collected  up  to  and  including  the  year 
1896  has  amounted  to  over  half  a  million  dollars.  If  this  had  remained 
as  a  small  farming  community  the  State  tax  would  probably  not  have 
been  more  than  3  per  cent  of  this  amount.  Using  this  tax  return  as 
a  basis,  it  has  been  computed  that  there  has  been  an  actual  increase 
of  wealth  to  the  people  of  the  State  by  the  existence  of  Lockport  of 
over  one  and  a  half  million  dollars,  not  including  in  this  the  actual 
increased  value  of  the  city  itself.  The  conclusion  is  drawn  that  the 
benefit  to  the  State  at  large,  has  been  very  great  on  account  of  thL« 
expenditure  for  internal  improvement,  irrespective  of  questions  of 
navigation. 

POWDER  AT  MEDINA. 

The  Oak  Orcliard  feeder  and  the  water  power  at  Medina  present 
somewhat  diflPerent  points  for  consideration  from  those  at  Lockport. 

About  1820  the  canal  commissioners  caused  a  cut-off  channel  to  l)e 
constructed  through  Tonawanda  swamp  between  Touawanda  and  Oak 
Orchard  creeks,  whereby  the  early  summer  flow  of  Tonawanda  Creek 
is  diverted  into  Oak  Orcliard  Creek.  Oak  Orchard  Creek  passes  under 
the  Erie  Canal  at  Medina,  and  the  original  feeder  ehjinnel  atthatpbice 
was  an  artilieial  channel  leading  from  a  dam  thrown  across  thecrefk 
and  entering  the  canal  near  West  Branch  of  Oak  Orchard  Creek  at 
Medina.  At  some  period  subsequent  to  1823  a  race  way  was  construc'te<i 
by  private  parties  leading  from  a  second  dam  higher  than  the  feeder 
dam  and  condueting  water  into  the  central  part  of  the  village,  where, 
after  it  is  used,  it  is  finally  allowed  to  pass  into  the  canal.  During  the 
enlargement  of  183(;  to  1802  the  water-surface  level  of  the  canal  at 
Medina  was  raised,  and  inasmuch  as  this  change  necessitated  raising 
the  feeder  dam  somewhat,  it  was  finally  concluded  to  discontinue  the 
feeder  and  depend  entirely  on  the  race  way  for  such  supply  asthecanal 
might  receive  at  this  point. 

Oak  Orchard  feeder  has  been  considered  as  fumishinir  about  2' 

cubic  feet  of  water  per  second  to  the  canal,  although  nieasurementi 

made  in  1850  show  abowl  Tl  e\\\V\e  f^et  per  second.     Since  then  tbe 

cJearing  up  of  forests  ai\v\  \\\e  viYa\wA^^  v^l  O-^C^  ^^^%s^  ^nd  Ton- 
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wanda  swamps  have  tended  to  reduce  materially  the  low-water  flow 
until  it  is  probably  less  than  27  cubic  feet  per  second.  Moreover, 
for  the  future,  the  dry-weather  yield  from  this  drainage  area  may  be 
expected  to  be  somewhat  less  than  in  the  past,  because  of  the  deep- 
ening of  the  channel  of  Oak  Orchard  Creek  and  of  the  crosscut 
authorized  by  the  laws  of  1803.  The  act  provided  for  deepening  the 
channel  of  Oak  Orchard  Creek  from  a  point  2^  miles  below  where 
Tonawanda  Creek  enters  the  Oak  Orchard  and  for  the  cleaning, 
improving,  widening,  and  deepening  of  the  channel  of  East  Branch 
of  Oak  Orchard  Creek.  This  work  has  been  done  as  a  sanitary 
measure,  and  its  effect  will  probably  be  to  run  the  water  out  of  the 
swamps  more  rapidly  in  the  spring,  thus  materially  decreasing  the 
dry- weather  flow.^ 

According  to  a  statement  furnished  by  Mr.  A.  L.  Sweet,  president 
of  the  Business  Men's  Association  of  Medina,  the  number  of  oper- 
atives employed  in  1896  in  manufacturing  enterprises  dependent  on 
water  power  at  Medina  was  515;  the  amount  of  capital  invested  in 
establishments  actually  in  operation  was  $371,000,  while  the  value  of 
the  annual  product  of  the  same  establishments  was  $575,000.  These 
figures  do  not  include  the  Medina  Falls  flouring  mill,  which  was  idle 
at  the  time  these  statements  were  made. 

The  total  developed  water  power  at  Medina,  on  the  race  way  and 
on  the  Oak  Orchard  Creek,  is  estimated  at  827  horsepower,  which 
includes  the  wheels  at  Medina  Falls  flouring  mill.  Deducting  these 
wheels,  amounting  to  338  horsepower,  the  total  actually  in  use  in  1896 
is  489  horsepower.  The  use  of  water  at  the  establishments  on  the 
creek  varies  from  110  cubic  feet  per  second  to  49  cubic  feet  per  second, 
the  former  quantity  being  due  to  the  Medina  Falls  flouring  mill,  where 
the  head  is  33  feet.  Relative  to  the  fine  power  at  Medina  Falls,  it 
may  be  stated  that  it  is  improbable,  considering  the  amount  of  power 
available  at  this  location,  that  it  will  remain  unutilized  for  any  great 
length  of  time.  The  trouble  at  Medina  Falls  flouring  mill  is  the  same 
as  that  affecting  the  large  flour  mills  at  Black  Rock  and  other  places 
in  New  York — the  competition  of  cheap  grain  and  transportation  from 
Western  mills. 

Without  going  into  the  historical  part  of  the  subject,  it  may  be 
said  that  the  mill  owners  at  Medina  claim  that  by  reason  of  the  grant- 
ing of  a  right  of  way  for  the  cut-off  between  Tonawanda  and  Oak 
Orchard  creeks,  and  the  gift  of  100,000  acres  of  land  to  the  canal 
fund  by  their  original  grantor,  the  Holland  Land  Company — a  part  of 
the  consideration  for  which  was  an  improvement  of  the  water  power 
of  Oak  Orchard  Creek — they  have  an  equitable  right  to  the  use  of  the 
water  of  the  feeder.  If,  therefore,  the  effect  of  the  drainage  author- 
ized by  the  laws  of  1893  has  been  to  decrease  the  low-water  flow  of 

1  For  extended  aocoantof  Oak  Orchard  Creek  and' its  relations  to  the  feeder  ^««^^LftkVst^.^\Si. 
the  drainage  of  the  Oak  Orchard  and  Ticinity  streams^  Vn  the  YonoxtYL  MrcL.'^iA\X.  <A  \>da^\»^^ 
Bomrd  of  Health  (1888),  pp.  43-116. 
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Oak  Orchard  Creek,  it  is  maintained  that  the  mill  owners  are  entitled 
to  enough  water  from  the  canal  to  make  good  the  deficiency. 

There  are  a  number  of  other  points  on  the  Erie  Canal  where  water 
powers  have  been  fostered  under  the  provisions  of  the  laws  of  1825, 
but  lack  of  space  precludes  discussion  of  that  phase  of  the  subject 

SELLING    PRICE    OF    WATER    POWER. 

The  principal  places  in  New  York  State  at  which  hydraulic  devel- 
opments have  thus  far  been  made  for  the  purpose  of  selling  power  are 
Oswego,  Cohoes,  Lockport,  and  Niagara  Falls.  At  Oswego  the  power 
on  the  east  side  of  the  river  is  owned  by  the  Oswego  Canal  Company, 
the  developmeYit  being  by  a  canal  4,000  feet  long,  with  an  average 
surface  width  of  60  feet  and  a  depth  of  6  feet.  The  wat^r  from  this 
canal  is  dropped  into  Oswego  River  at  the  level  of  Lake  Ontario. 
The  working  head  is  from  18  to  20  feet,  although  with  high  water  in 
the  canal  and  low  water  in  Lake  Ontario,  the  working  head  becomes 
somewhat  greater. 

The  State  controls  the  first  right  to  the  flow  of  Oswego  River  in 
order  to  maintain  slack-water  navigation  in  the  pool  above  the  dam 
at  the  head  of  the  Oswego  Canal  Company's  race  way,  all  water  not 
needed  for  canal  purposes  being  equally  divided  between  the  Osw^ 
Canal  Company's  race  on  the  east  side  and  the  Varick  Canal  on  the 
west  side.  The  Oswego  Canal  Company  gives  a  999-year  lease  of 
water,  but  without  land  for  location  of  buildings.  A  water  right  on 
this  canal  is  called  a  run,  meaning,  probably,  the  amount  of  water 
required  to  drive  a  run  of  stone,  a  run  of  water  being  taken  at  11.75 
second-feet  which,  under  the  ordinary  working  head  of  20  feet,  will, 
at  75  per  cent  efficiency,  produce  20  horsepower.  There  are  assumed 
to  be  32  first-class  runs,  the  rental  for  which  is  $350  a  year  for  each 
run.  At  this  price  the  cost  of  a  horsepower  a  year,  with  75  per  cent 
efficiency,  becomes  ^17.48,  or  the  cost  of  a  gross  horsepower  a  year 
becomes  813.11.  There  are  also  32  second-class  runs,  of  which  the 
rental  varies  from  S250  to  §300  a  year  for  each  run.  Further,  there 
are  surplus  runs  which  are  rented  at  a  little  over  one-half  of  the 
rental  charged  for  first-class  runs.  In  case  of  a  shortage  of  water  the 
surplus  runs  are  shut  down  successively,  beginning  with  the  moet 
recent  leases;  after  this  the  second-class  runs  share  equally  with  one 
another  in  reduction;  and  finally,  in  case  of  extreme  shortage,  the 
first-class  runs  are  similarly  cut  down. 

The  Varick  Canal  on  the  west  side  of  the  river  controls  one-half  of 
all  the  water  not  needed  for  navigation  purposes,  the  same  as  the 
Oswego  Canal  Company's  canal  on  the  east  side.  Iii  order  that  the 
water  nuiy  be  divided  equally  between  these  two  ciinals  both  have  the 
same  aggregate  waterway  at  the  head  gates,  and  by  gages  ou  Iwth 
sides,  which  are  examined  whenever  necessary,  it  can  be  seen  whether 
one  canal  is  drawn  \)e\o\v  l\i^  other,  and  the  gates  changed  accord- 
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ingly.  On  this  canal  there  are  recognized  50  first-class  runs,  17 
second-class,  and  an  nnlimited  number  of  third-class.  For  first-class 
runs  the  rental  is  from  $250  to  $300  per  annum ;  for  second  and  third 
class  it  ranges  from  $125  to  $150.  By  a  decree  of  the  supreme  court, 
dated  August  21,  1875,  a  run  of  wat^r  on  the  Varick  Canal  ranges 
between  28  cubic  feet  per  second,  under  a  head  of  12  feet,  and  25  cubic 
feet  per  second,  under  a  head  of  13  feet.  The  actual  working  head  is, 
however,  ordinarily  onlj^  about  10  feet,  so  that  on  the  foregoing  basis  a 
run  of  water  may  be  taken  as  33.3  cubic  feet  per  second.  At  the  price 
of  first-class  runs  of  from  $250  to  300,  and  with  75  per  cent  efficiency, 
the  cost  per  horsepower  per  annum  varies  from  $8.80  to  $10.56,  a  run 
on  the  Varick  Canal  being  equal  to  33.3  cubic  feet  per  second  on  10 
feet  head,  an  amouat  of  water  which  yields  37.9  horsepower  under 
that  head. 

As  to  the  difference  in  cost  of  water  on  these  two  canals  at  Oswego, 
it  may  be  pointed  out  that  the  Oswego  Canal  Company's  race  has  a 
substantial  advantage  over  the  Varick  race,  in  that  it  extends  to  the 
harbor,  enabling  vessels  to  come  directly  alongside  of  the  mills. 
Moreover,  the  division  of  water  rights  is  such  that  a  first-class  run  of 
iwrater  can  always  be  depended  qn  along  the  Oswego  Canal  Company's 
race,  but  can  not  on  Varick  Canal.  ^ 

At  Cohoes  we  have  the  great  power  development  built  up  by  The 
Cohoes  Company,  which  has,  by  careful  management  of  the  water 
poorer,  built  up  at  this  place  a  fine  manufacturing  city  of  25,000 
inhabitants.  Lack  of  space  will  not  permit  description  of  this  devel- 
opment in  detail. 

The  Cohoes  Company  not  only  owns  all  of  the  hydraulic  canals,  but 
also  the  land  adjoining  the  canals.  It  gives  to  manufacturers  a  per- 
petual lease  of  land  and  water,  the  entire  property  leased  remaining 
subject  to  a  rental  of  $200  per  year  per  mill  power.  On  this  basis  the 
land  is  regarded  as  donated  and  the  rental  applies  only  to  the  water 
power.  Formerly,  the  standard  for  measuring  water  was  100  square 
inches,  to  be  measured  through  an  aperture  in  a  thin  plate  50  inches 
iride,  2  inches  deep,  and  under  a  head  of  3  feet  from  the  surface  of 
the  water  to  the  center  of  the  aperture;  but  in  1859  a  series  of  meas- 
urements were  carefully  made  under  the  direction  of  the  late  James 
B-  Francis,  using  an  old  canal  lock  as  a  measuring  chamber.  These 
nieasurements  showed  that  the  old  standard  corresponded  to  about  5.9 
cubic  feet  of  water  per  second.  As  a  result  6.0  cubic  feet  of  water 
per  second,  under  20  feet  head,  was  taken  as  a  new  standard  consti- 
tuting a  mill  power.  On  this  basis  a  mill  power  is  equivalent  to  13.63 
grOBS  horsepower,  which,  at  8200  per  mill  power  per  annum,  costs 
#14.67  per  gross  horsepower  per  annum.  At  75  per  cent  efficiency 
Hie  annual  rental  for  water  for  net  hrrsepower  becomes  $19.57.     In 

1  For  additional  detail  of  the  water  power  at  Oswego,  see  Report  of  Water  Power  of  the  United 
Tenth  Census,  Vol.  I,  pp.  ^24-27. 
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regard  to  just  what  is  paid  for  by  the  annual  rental,  both  at  Oswego 
and  Cohoes,  it  may  be  remarked  that  the  foregoing  prices  are  for 
water  in  the  race  way,  the  company  maintaining  the  dams,  head  works, 
and  main  race  ways,  the  lessee  talking  the  water  at  the  face  of  the 
race  way  and  maintaining  his  own  head  gates,  flumes,  bulkheads, 
wheels,  and  any  other  appliances  necessary  for  utilizing  the  water  in 
the  production  of  power. 

The  water  power  at  Lockport,  owned  by  the  Lockport  Hydraulic 
Company,  is  formed  by  the  drop  of  the  surplus  wat^r  of  the  Erie 
Canal  through  a  distance  of  58  feet.  A  run  of  water  at  T..oekport  does 
not  appear  to  be  very  well  defined,  buti  the  rental  charge  ranges  from 
$12.50  to  iH),67  per  effective  horsepower.  So  far  as  kno\^Ti  to  the 
author,  just  what  constitutes  an  effective  horsepower  has  not  been 
defined. 

At  Niagara  Falls  the  rental  price  of  undeveloped  hydraulic  power 
has  been  fixed  at  from  $8  to  %10  per  gross  horsepower  per  annum,  the 
party  renting  the  power  taking  the  water  at  the  face  of  the  head  race 
and  making  its  own  connection  with  the  discharge  tunnel.  Electric 
power  by  a  two-phase  alternating  current  as  it  comes  from  the  gener- 
ator is  sold  in  blocks  of  2,000  or  3,000  horsepower,  at  $20  per  net  horse- 
power per  annum,  the  purchasers  furnishing  transformers,  motors,  and 
all  other  electric  appliances.  In  small  blocks  the  price  has  been  fixed 
somewhat  higher. 

A  small  amount  of  power  has  also  been  sold  at  different  times  at 
Rochester,  but  since  the  power  at  this  place  is  nearly  all  held  by 
manufacturers  who  use  it  at  first  hand,  nothing  like  a  fixed  price  has 
been  made  at  Rochester.  Generally,  power  rented  has  l>een  in  small 
quantities  and  in  connection  with  floor  space,  the  rental  price  being 
really  for  floor  space  Avith  small  power  furnished.  Reckoning  on  this 
basis,  small  powers  have  frequently  been  rented  at  Rochester  at  as 
high  a  price  as  8100  per  horsepower  per  year,  this  being  for  i)ower 
on  the  shaft,  all  expenses  of  maintaining  wheels,  transmission  shafts, 
etc.,  being  borne  by  the  owner. 

The  electric  companies  at  Rochester  furnish  electric  power  in  small 
blocks  at  ']  cents  per  electric  horsepower  per  hour,  wliich,  on  the 
basis  of  ton  hours  a  day  and  three  hundred  and  ten  days  a  year, 
becomes  ^iV-i  per  electric  horsepower  per  annum. 

STATE  OWNERSHIP  OF  INLAND  WATERS. 

Without  .iroiuii;  into  a  detailed  discussion  as  to  State  ownei*ship  of 
inland  waters  in  New  York,  attention  may  be  called  to  a  few  of  th«^ 
more  essential  facts.  The*  absolute  ownership  by  the  State  of  the 
beds  and  banks  and  water  flowing  in  the  Hudson  and  Mohawk  river< 
has  been  conflrined  by  t'cpeated  decisions  of  the  highest  courts  of  the 
State.  \ly  reason  of  the  peculiar  circumstances  of  the  early  settle- 
ment of  the  couutrv  t\\e  ¥av^\\^\\  ^\v^\\\\\\v5\v\vvn5  \'\\le  applies  to  all  the 
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streams  of  the  State  except  the  Hudson  and  Mohawk,  from  which  it 
results  that  all  other  inland  streams  are  owned  to  the  thread  of  the 
stream  by  the  abutting  proprietors. 

Owing,  to  a  confusion  of  ideas — largely  on  the  part  of  citizens 
appointed  to  the  position  of  canal  appraisers,  where  they  exercised 
bo  some  extent  judicial  functions — there  arose  in  the  early  days  a 
broad  claim  of  State  ownership  to  inland  watei's  tributary  to  the  Erie 
canal.  The  claim  was,  however,  finally  decided  in  the  negative. 
This  condition  has,  in  the  case  of  Genesee  River,  worked  great  injus- 
tice to  the  riparian  owners,  in  that  under  a  claim  of  temporary  diver- 
sion and  an  assumed  right  of  permanent  appropriation  by  a  statutory 
enactment  declaring  the  stream  a  public  highway  no  adequate  dam- 
ages have  ever  been  paid  for  the  diversion  actually  made  from  the 
stream  for  many  years. 

A  similar  lack  of  appreciation  of  the  real  relations  of  the  State  to 
individual  citizens  in  regard  to  common  rights  in  running  streams 
bas  apparently  led  to  the  enunciation  of  a  course  of  action  on  the 
part  of  canal  officials  which,  to  some  extent,  in  effect  confiscates  pri- 
vate property. 

In  the  case  of  Black  River  the  State  has  extensively  adopted  the 
method  of  compensation  in  kind  rather  than  compensation  in  money. 
In  view  of  the  large  development  of  storage  on  Black  River,  under 
the  provisions  of  chapter  181  of  the  laws  of  1851,  in  excess  of  what 
is  really  required  there  actually  to  make  good  the  diversion  during 
the  low-water  season,  and,  further,  by  reason  of  the  State's  finally 
placing  the  management  of  the  principal  reservoirs  there  in  the  hands 
of  a  commission  of  owners  and  users  of  water  power,  as  provided  by 
chapter  168  of  the  laws  of  1894,  it  may  be  assumed  that  as  regards 
Black  River,  the  State  has  adopted  the  policy  of  conservation  of 
water  power,  such  policy  being  in  line  with  the  best  thought  of  the 
present  day. 

In  the  case  of  Skaneateles  Lake  there  was  for  several  years  a  strug- 
gle between  the  State  and  the  city  of  Syracuse  as  to  the  right  of  that 
city  to  obtain  the  municipal  water  supply  from  Skaneateles  Lake,  the 
extraordinary  feature  of  that  controversy  being  the  assumption  on 
the  part  of  the  agents  of  the  State  that  the  municipalities  of  the 
State,  even  in  the  important  matter  of  public  water  supply,  had  no 
rights  which  the  State  apparently  was  bound  to  respect. 

It  may  be  pointed  out  that  the  considerable  diversity  of  law  and 
policy,  in  regard  to  the  rights  of  riparian  owners  thus  shown  to  exist 
in  the  State  of  New  York,  can  not  operate  other  than  to  discourage 
the  full  development  of  the  Stiite's  natural  resources.  What  is  greatly 
needed,  therefore,  in  the  State  of  New  York  is  a  consistent  policy  of 
some  sort  as  between  the  State,  the  navigation,  the  manufacturing, 
and  all  other  interests,  in  which  each  shall  receive  proper  considera- 
tion.    Thus  far  navigation  interests  have  wawaW^  \i^^\\  ^\«^c5fe<5\L  ^^«?ei\>^ 
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although  it  is  clear  that  had  there  been  a  more  thorough  balance,  the 
State  as  a  whole  would  have  been  considerably  in  advance  of  its  pres- 
ent position. 

FUTURE  USE  OF  WATER  POWER  IN  NEW  YORK. 

In  the  foregoing  pages  we  have  seen  that  the  Erie  Canal  was  a  devel- 
opment from  the  necessities  of  commerce,  not  only  for  the  Stat*  of 
New  York,  but,  as  a  means  of  connecting  the  Atlantic  Ocean  with  the 
waters  of  the  Great  Lakes,  for  accelerating  the  industrial  develop- 
ment of  the  Northwestern  States.  However,  in  the  nineteenth  eentnrv 
events  move  rapidly,  and  what  was  true  of  the  Erie  Canal  thirty  to  fifty 
years  ago  is  not  necessarily  true  to-day.  Railway  systems  have  now 
developed  to  such  completeness  as  to  compete  successfully  with  water 
transportation  by  a  channel  of  the  size  of  the  Erie  Canal.  The  Erie 
Canal,  therefore,  has  no  longer  an  indispensable  place  in  our  transpor- 
tation system.  Apparently  it  should  either  be  radically  enlarged,  with 
entirely  new  methods  of  management,  or  else  abandoned  in  favor  of 
a  ship  canal  along  other  routes. 

During  the  period  covered  by  the  rise  and  decline  of  the  Erie  Canal 
as  the  important  factor  in  through  transportation  between  the  East  and 
a  large  portion  of  the  West  the  economic  conditions  of  the  interior 
portion  of  New  York  have  entirely  changed.  Cheap  transportation, 
by  way  of  Erie  Canal  and  the  Great  Lakes,  has  led  to  a  phenomenal 
development  of  agriculture  on  the  broad  plains  of  Minnesota  and  the 
Dakotas,  where,  by  the  use  of  modern  agricultural  machinery,  grain 
can  be  raised  at  a  profit  at  sueli  prices  as  to  drive  the  New  York  grain 
grower  from  the  market.  The  cheap  transportation  afforded  by  the 
Erie  Canal  has,  therefore,  to  a  considerable  degree,  led  to  the  x)a.ssin£: 
of  supremac}'  from  the  liands  of  the  Eastern  farmer,  a  loss  which  can 
only  be  regained  b}'  the  development  to  tlie  fullest  extent  of  the  man- 
ufacturing industries  of  New  York,  thus  making  a  home  market  for 
farm  products  that  can  not  be  transported  a  long  distance,  sueli 
as  garden  truck  and  small  fruits.  The  people  of  the  State  of  Xe^ 
York  can  purchase  the  Western  bread  stuffs  as  cheaply  as  they  can  be 
produced  at  home,  and  this  condition  is  likely  to  continue  indefinitely. 

The  long  supremacy  of  the  navigation  interests  has  moreover  led  to 
the  incorporation  in  the  law,  jurisprudence,  and  public  policy  of  this 
State  of  certain  rules  of  action  as  to  the  right  to  use  the  water  of  inland 
streams,  wliich  have  tended  to  discourage  the  full  development  of 
manufacturing  interests  which  now  appears  desirable,  although  the 
author  views  with  satisfaction  the  rapid  change  of  public  sentiment 
now  taking  place  on  these  questions.  That  manufacturing  industries 
by  water  power  are  rapidly  increasing  in  the  State  is  made  sufhciently 
clear  by  the  following  statistics: 

According  to  the  United  States  censuses  of  1870  and  1880  the  total 
developed  water  power  of  the  State  of  New  York  was,  in  1S70,  -Jhn^oO 
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liorsei)ower;  in  1880,  210,348  horsepower;  increase  in  the  ten  years, 
11,092  horsepower.     The  increase  in  ten  years  of  11,092  horsepower  is 
equivalent  to  an  increase  of  5.4  per  cent.     The  United  States  census 
of  1890  did  not  include  any  statistics  of  wat^r  power,  and  it  is  impos- 
sible therefore  to  state  definitely  the  horsepower  in  that  year;  still, 
taking  into  account  the  great  increase  shown  by  the  special  investiga- 
tions on  Hudson  River  in  1895,  on  Genesee  River  in  1896,  and  at 
Niagara  Falls  in  1897,  and  also  considering  the  advances  in  paper 
making — a  water-power  industry — as  well  as  the  great  development 
now  taking  place  at  Massena,  the  increase  for  the  whole  State  from 
1880  to  1900  may  be  estimated  at  alx)ut  120  to  140  per  cent.     On  this 
basis  there  will  probably  be  in  use  in  New  York  State  at  the  close  of 
the  nineteenth  century  a  total  water  power  of  something  like  500,000 
gross  horsepower.     The  manufacture  of  mechanical  wood  pulp  alone 
consumes  about  125,000  gross  horsepower.     These  figures,  while  very 
suggestive  as  to  the  future,  are  nevertheless  rendered  more  pertinent 
by  considering  that  with  full  development  of  the  water-storage  possi- 
bilities of  the  State,  as  well  as  the  possibilities  of  power  development 
on  Niagara  and  St.  Lawrence  rivers,  we  may  hope  ultimately  to  reach 
a  water-power  development  in  the  State  of  New  York  something  like 
the  following: 

Possible  development  of  toaterpoiver  in  New  York, 

Gross  horse- 
power. 

Streams  tributary  to  Lake  Erie 3, 000 

NiagaraRiver  (in  New  York  State) 350,000 

Gtonesee  River  and  tributaries 65,000 

Oswego  River  and  tributaries 40,000 

Black  River  and  tributaries 120,000 

Other  tributaries  of  Lake  Ontario.-  10.000 

St.  Lawrence  River 400.000 

Oswegatchie,  Grass,  Racket,  St.  Regis,  Salmon,  Chateaug^ay,  and  other 

streams  tributary  to  the  St.  Lawrence 150, 000 

Saranac,  Ausable,  Lake  George  Outlet,  and  other  streams  tributary  to 

Lake  Champlain 40,000 

Hudson  River  and  tributaries,  not  including  Mohawk  River 210, 000 

Mohawk  River  and  tributaries 60, 000 

Streams  tributary  to  Allegheny  River 5,000 

Streams  tributary  to  Susquehanna  River 25,000 

Streams  tributary  to  Delaware  River 30, 000 

Water  power  of  Erie  Canal 10,000 

Total 1,518,000 

But  1,518,000  gross  horsepower  has  an  effective  i)roduetive  value  in 
manufacturing  of  say  ^100  per  horsepower  per  annum,  or  the  inland 
waters  of  this  State  have  an  ultimate  economic  value,  when  fully 
developed,  of  at  least  $151,800,000  per  annum.  They  may  therefore 
be  considered,  in  producing  capacity,  substantially  equal  to  the  entire 
agricultural  product  of  the  State  in  1890,  which,  according  to  the 
United  States  census  of  that  year,  amounted  to  a  total  of  $161,593,009. 
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Indeed,  taking  into  account  that  agricultural  values  are  continually 
depreciating,  and  water-power  values  appreciating,  it  is  probable  that 
ultimately,  if  New  York  State  agriculture  remains  on  the  same  basis 
as  at  present,  the  wat^r-power  values  will  considerably  exceed  the 
agricultural  values.  It  is  probable,  however,  if  the  manufacturing 
industries  of  this  State  are  ever  so  far  developed  as  to  brin^  water 
power  into  use  to  the  extent  of  1,518,000  gross  horsepower,  that  the 
local  demand  for  agricultural  products  will  have  considerably  changed 
the  present  downward  tendency.  .fVs  an  off-hand  figure,  we  may, 
therefore,  place  these  two  values,  at  some  not  ver>'  distant  date,  as 
equal,  and  aproximating  about  $200,000,(X)0  per  annum. 

OBSTRUCTIVE  EFFECT  OF  FRAZIL.  OR  AXCHOR  ICE. 

A  very  serious  difficulty  in  operating  water  powers  on  many  of  the 
more  rapid  streams  of  this  State  is  that  caused  by  the  formation  and 
agglomeration  of  frazil  and  anchor  ice,  and  probably  there  is  no  sub- 
ject in  connection  with  water-power  development  which  presents  so 
many  difficulties  as  this.  So  far  as  can  be  learned,  nothing  has  been 
done  in  the  State  in  the  way  of  studying  these  phenomena,  although 
the  water  powera  on  many  New  York  streams  are  reported  as  subject  to 
interruption  nearly  every  year  on  account  of  the  formation  of  frazil 
and  anchor  ice.  The  way  to  find  a  remedy  is  first  to  ascertain  all  that 
can  be  learned  in  regard  to  the  difficulty  to  be  overcome.  From  this 
point  of  view  it  is  deemed  proper  to  include  herein  a  short  account  of 
studies  of  frazil  and  an(3hor  ice  made  in  the  neighboring  Dominion 
of  Canada. 

Tnder  the  direction  of  John  Kennedy,  chief  engineer  of  the  harlwr 
commissioner's  works  at  Montreal,  very  extensive  studies  of  the  for- 
mation of  frazil  and  anchor  ice  have  been  made.  The  terms  ^'frazil" 
and  '* anchor  ice"  have  been  used  synonymously,  and  are  apparently 
often  understood  as  the  French  and  English  words  for  the  same  thins:, 
but  the  following  from  the  Report  of  the  Montreal  Flood  Commission 
of  1890  will  serve  to  define  the  difference.  According  to  this  report, 
frazil  is  formed  over  the  whole  unfrozen  surface  wherever  there  is  suf- 
ficient current  or  wind  agitation  to  prevent  the  formation  of  bonier 
ice;  whereas  the  term  anchor  ice  includes  only  such  ice  as  is  found 
attached  to  the  bottom.  Frazil  is  frequently  misused  by  being  nia<l»> 
to  include  ice  formed  on  the  bottom,  as  well  as  throughout  the  mass 
and  on  the  surface  of  a  river,  although  properly  it  should  be  only 
applied  to  floating  ice.  The  common  theor}' has  been  that  anchori«*e 
first  forms  on  the  bottom,  subsequently  rising.  The  Montreal  studies, 
however,  show  that  this  is  hardly  true.  At  times  the  whole  mass  of 
water  from  surface  to  bottom  is  filled  with  fine  needles  which  actually 
form  throughout  the  water  mass  itself. 

As  to  the  remedy,  the  studies  are  hardly  complete  enough  to  imli- 
CHte  the  best  course  to  pursue.     As  practical  hints,  it  may  l)e  state<l 
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that  in  locating  dams  on  streams  specially  subject  to  this  difficulty 
they  should  be  placed  with  reference  to  as  long  a  stretch  of  back- 
-water and  as  great  depth  as  possible,  all  the  studies  thus  far  made 
tending  to  show  that  the  formation  is  most  extensive  in  shallow, 
rapid-flowing  water.     Usually  trouble   from   frazil  and  anchor  ice 
extends  through  a  period  of  a  day  or  two;  and  at  very  important 
plants,  where  even  a  short  interruption  would  be  a  serious  matter, 
arrangements  may  be  made  for  using  steam  at  the  head  works  for 
keeping  the  racks  open.     This  plan  has  been  successfully  pursued  at 
the  waterworks  intakes  of  several  of  the  Great  Lake  cities.     In  the 
case  of  power  plants,   where  much  larger  quantities  of  water  are 
required  and  the  stream  flows  with  greater  velocity,  the  amount  of 
steam  required  may  be  found  to  be  very  large. ^ 

WATER  YIELD  OF  THE    SAND  AREAS  OF  LOXO  ISI^ND. 

Long  Island  is  about  114  miles  in  length,  with  a  varying  width  of 
from  10  to  20  miles.  Its  watershed  line  consists  of  a  regular  ridge  of 
low  hills  running  from  New  York  Bay  to  the  eastern  extremity  of  the 
island.  The  highest  points  of  this  ridge  are  about  350  to  390  feet 
above  sea  level.  This  ridge,  which  is  believed  to  be  a  part  of  the  ter- 
minal moraine  of  the  great  glacier,  consists  mainly  of  compact  drift 
and  bowlders,  running  at  times  into  clay  and  coarse  gravel.  The  con- 
siderable number  of  small  ponds  along  the  ridge  evidence  the  com- 
pactness of  its  surface  material.  The  slopes  and  spurs  of  the  central 
ridge  run  into  Long  Island  Sound  on  the  north,  making  an  irregular 
shore  line,  broken  into  bays  and  low  headlands.  On  the  south  side 
the  slopes  lose  themselves  in  a  grassy  plain  sloping  gently  toward  the 
coast.  In  its  widest  part  it  is  called  the  Hempstead  Plains,  and 
stretches  for  a  distance  of  from  5  to  15  miles  between  the  foot  of  the 
central  ridge  and  the  Atlantic  shore,  which  is  very  regular  in  its  outer 
beach  line;  but  an  inner  and  more  irregular  beach  exists,  formed  by 
the  shallow  waters  of  Jamaica  and  Hempstead  bays.  The  Atlantic 
shore  does  not  anywhere  touch  the  slope  of  the  central  ridge,  but  is 
separated  from  it  by  the  wide  gravelly  plain  just  referred  to. 

Numerous  small  brooks  originating  on  the  south  slopes  of  the  cen- 
tral ridge  cross  the  gravelly  plain,  delivering  their  waters  to  the 
Atlantic.  On  the  largest  of  these  brooks  gristmills  were  established 
at  an  early  date,  with  ponds  of  from  8  to  40  acres  of  water  surface  and 
from  5  to  9  feet  depth  of  water. 

The  fall  at  these  dams  rarely  exceeds  8  feet.  The  original  munic- 
ipal water  supply  of  the  city  of  Brooklyn,  as  constructed  about  185t> 
to  1850,  had  its  source  in  the  Hempstead  Plains,  several  of  the  large 
brooks  flowing  from  the  central  ridge  to  the  Atlantic  being  appropri- 

>  For  reference  to  the  literature  of  frazil  and  anchor  ice  see  ( 1 )  Rejwrt  of  the  Montreal  Flood 
Commissioners  of  1886;  (2)  Rei>ort8  of  the  Harbor  Commiusioners  of  Montreal  for  the  years  1885, 
1887,  and  1806;  (3)  Paper  on  Frazil  ice  and  its  nature,  and  the  prevention  of  Its  actions  in  caus- 
ing floods,  by  George  H.  Henshaw,  Trans.  Can.  Soc.  C.  E.,  Vol.  I,  Part  I,  pp.  1-23;  and  (4)  Paper 
on  the  Formation  and  agglomeration  of  frazil  and  anchor  ice,  by  Howard  T.  Barnes^in  Canadi&a 
Engineer,  Vol.  V  (May,  1897). 
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ated  for  this  purpose.  A  distributing  reservoir  was  established  on 
the  central  ridge  at  an  elevation  of  170  feet  above  tide,  with  the 
water  of  the  brooks  forced  thereto  by  pumping.  These  brooks  were 
all  mainly  fed  by  springs  delivering  directly  into  their  ponds  and 
channels.  The  length  of  these  water  courses  from  where  the  water 
was  taken  to  the  summer  sources  rarely  exceeds  4  miles.  In  the  orig- 
inal construction  the  waters  of  these  ponds  were  conveyed  by  small 
branch  conduits  to  a  large  main  conduit  extending:  from  the  most 
easterly  pond  or  reservoir  to  the  pump  well  at  the  engine  house, 
which  was  located  at  the  foot  of  the  ridge  on  which  the  Ridgewood 
distributing  reservoir  was  situated,  not  far  from  the  east  line  of  the 
city  of  Brooklyn.  The  main  conduit  was  so  located  that  the  water 
flowed  to  the  engine  house  by  gravity.  The  following  are  the  statis- 
tics of  the  six  ponds  originally  taken  for  the  Brooklyn  city  supply, 
the  minimum  deliveries  here  given  being  as  ascertained  by  measure- 
ments during  the  months  of  September  and  October,  1856  and  1857. 
The  figures  represent  the  natural  delivery  of  each  stream  at  its  low- 
est stage  of  water,  and  do  not  include  any  encroachment  upon  the 
stored  water  which  each  pond  retained,  when  full. 

Area  of  surface,  minimum  flow,  and  elevation  of  overflow  of  six  ponds  originaUif 

taken  for  the  Brooklyn  city  supply. 


Pond. 


Area  of 
surface 
(acres). 


Minlmam 

flow  (cubic 

feet  in  24 

hours). 


Elevation 
of  overflow 
above  tide 

(feet). 


Jamaica 40. 00 

Brookfield '  8. 75 

Clear  Stream j  1.07 

Valley  Stream i  17. 78 

Rockville i  8.00 

Hempstead 23. 52 


419.315 

7.90 

265. 098 

15.40 

100,448 

11.50 

325,  291 

12.80 

353, 388 

12.60 

,054,713 

10.60 

The  same  streams  were  measured  in  October  and  XoviMiilxM-,  1>.M, 
and  the  aggregate  result  then  was  3,137,500  cubic*  feet.  With  the 
exception  of  Clear  Stream,  tliey  were  again  measured  in  Octo])er.  1SV2, 
the  result  then  being  2, DOG, 300  cubic  feet  in  24  hours. 

According  to  a  survey  made  by  Theodore  Weslon  in  the  fall  and 
winter  of  JS50,  the  drainage  area  of  the  streams  originally  taken  for 
the  municipal  supply  of  Brooklyn  was  found  to  measure  40.8  scpiare 
miles,  but  subsequent  measurements  have  placed  it  at  40. li,  which  is 
the  figure  now  used.^ 

As  already  stated,  the  drainage  grounds  lie  mainly  on  the  Hemp- 
stead Plains,  although  a  small  portion  may  be  considere<i  as  lyinir 
on  the  southern  slope  of  the  central  ridge.  The  ridge  shipes  are 
composed  of  clay  and  alluvial  earth,  with  little  power  of  retainin;: 


'  Ah  to  the  difficulty  of  determmlng  iwat  what  the  drainagre  area  of  any  one  of  these  streams 
Bctu&lly  la,  see  I.  M.  De  Yarona  h  History  R\\dT3e^Y\\>\.\oTxo\\.\ifc>iT<»k.lYu  Waterworks,  liW. 
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iK^ater.     Hempstead  Plain,  on  the  other  hand,  consists  of  a  very  uni- 
form deposit  of  sand  and  gravel  with  occasional  thin  veins  of  clay; 
lience  Hempstead  Plain  is  largely  receptive  and  retentive  of  water. 
The  sand  and  gravel  on  this  plain  serves  two  purposes  as  regards 
the  rainfall  sinking  into  it:  (1)  It  retains  the  water,  only  gradually 
delivering  it  to  the  surface  in  the  valleys  of  the  brooks  or  on  or 
near  the  seashore  in  the  form  of  springs;  (2)  it  filters  and  purifies  it, 
the  gravel  and  sand  performing  the  function  of  a  natural  filter  bed. 
It  is  considered  that  but  a  small  portion  of  the  ground  water  of  this 
gravel  plain  has  been  derived  from  the  rainfall  of  any  single  year. 
The  greater  portion  of  it  is  considered  to  have  collected  during  a  series 
of  years.     Borings  and  open  wells  show  that  this  ground  water  has  a 
nearly  uniform  inclination  toward  the  south  shore  of  about  12  feet 
per  mile. 

Upon  the  low  ridges  lying  between  the  several  streams  crossing 
Hempstead  Plain  the  inclination  of  the  ground  water  varies  with  the 
width  of  the  ridge,  and  is  steeper  in  these  parts  than  on  the  main 
slope  toward  the  sea,  the  resistance  of  the  retaining  material  there 
being  proportionately  less.  So  long  as  the  slope  of  the  ground  water 
is  left  undisturbed  by  pumping,  as  from  a  series  of  wells,  the  perma- 
nent slope  of  the  ground  water  is  determined  by  the  resistance  of  the 
material  through  which  it  flows.  As  regards  the  minimum  flow  of  the 
streams  receiving  these  underground  waters,  the  longer  the  time 
occupied  by  that  portion  of  the  rainfall  which  sinks  into  the  ground 
in  reaching  the  outlets  the  greater  will  be  the  minimum  flow  of  the 
stream  as  compared  with  its  total  flow;  on  the  other  hand,  the  shorter 
the  time  the  smaller  the  minimum  flow.  In  the  case  of  the  Long 
Island  streams  the  minimum  flows  are  not  very  large,  a  fact  which 
indicates  that  the  permanent  regimen  of  these  streams  is  probably 
maintained  by  the  accession  of  the  absorbed  rainfalls  of  several  years. 
It  follows  that  so  long  as  the  basins  are  not  drawn  upon  very 
greatly  in  excess  of  their  flowage  capacity  the  permanency  of  Long 
Island  groimd  water  supplies  is  only  moderately  affected  by  variations 
in  the  yearly  rainfall.^ 

The  water  supply  of  the  city  of  Brooklyn  has  frequently  been 
increased  in  order  to  meet  the  necessities  of  the  constantly  increasing 
population.  Additional  drainage  areas  have  been  taken,  and  open 
wells  and  driven-well  systems  have  been  constructed  and  additional 
streams  and  ponds  appropriated.  At  present  there  are  a  number  of 
deep  open  wells,  each  about  50  feet  in  diameter,  and  several  driven- 
well  stations.  For  details  of  the  original  conduits,  ponds,  and  streams 
reference  may  be  made  to  a  description  of  the  Brooklyn  waterworks 
in  Water  Power  of  the  United  States,  Tenth  Census,  1880,  Volume 
XVII,  as  well  as  to  the  histories  of  the  Brooklyn  waterworks. 


1  The  foregoing  statements  relating  to  the  water- 3rielding  properties  of  the  Long  Island 
sands  are  mostly  derived  from  Kirkwood's  History  of  the  Brooklyn  Waterworks  and  Bewers, 
published  in  1867.  For  a  more  recent,  as  well  as  more  extended,  discassion  of  the  same  subject 
see  De  Varona's  History  and  Description  of  the  Brooklyn  Waterworks. 
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In  a  i*eport  on  the  future  extension  of  the  water  supply  of  Brooklyn, 
by  Mr.  I.  M.  De  Yarona,  engineer  of  the  water  supply,  transmitted  to 
the  common  council,  January  31,  1896,  tables  are  given  of  the  total 
monthly  and  average  daily  quantities  of  water  pumped  into  the 
Ridgewood  reservoir  for  the  years  1860  to  1895,  inclusive. 

The  accompanying  table  has  been  condensed  from  this  report,  giving 
in  calendar  years  the  total  rainfall  upon  the  watershed  and  the  per  cent 
of  this  utilized  by  pumping  at  Ridgewood.  The  average  yield  utilized 
is  also  expressed  in  cubic  feet  per  second  per  square  mile  of  watershed. 
This  was  originally  49.9  square  miles,  but  was  increased  in  1872, 
being  in  subsequent  years  52.3  square  miles  until  1883,  when  it  was 
increased  to  64.6  square  miles,  and  in  1885  to  65.4  square  miles.  Con- 
siderable additions  were  made  in  1891,  and  from  that  time  on  the 
area  is  given  as  154.1  square  miles.  In  1860  the  rainfall  was  37.65 
inches,  and  the  total  amount  of  water  pumped  was  equivalent  to  a 
depth  of  1.44  inches  on  the  watershed,  or  3.82  per  cent  of  the  total 
rainfall.  In  1896  the  total  rainfall  was  38.82  inches.  The  amount  of 
water  pumped  during  that  year  would  cover  the  watershed  to  a  depth 
of  11  inches,  this  being  over  28  per  cent  of  the  total  rainfall.  The 
average  yield  as  obtained  by  pumping  was  0.81  cubic  foot  per  second 
per  square  mile  of  watershed. 

Total  annual  rainfall,  per  cent  utilized,  and  average  yield  per  square  mUe  of  water- 
shed of  Brooklyn  \paferworks. 


Year. 


I 


I 


Rainfall  in! 
inchofl.    I 


Per  cent 
utilized. 


1860 

1861 

1862 ''■ 

1863 

1864 ' 

1805 ; 

1866 

1867 I 

1868 

1869 

1870 

1871 

1872 

1873 

1874 

1875 

1870 

1877 

1878 


Second- 
feet  per 
square 
mile. 


Year. 


37.65 
45. 65 
38. 02 
82. 76 
32.00 
40.14 
51.68 
54. 61 
38. 58 
43.13 
39. 25 
51.26 
39. 75 
47.99 
45.83 
40.90 
41.77 
40.18 
48.66 


3.82 

0.11 

3.92 

0.18 

5. 73 

0.16 

8.39 

0.20 

10.53 

0.25 

8.39 

0.28 

8.88 

0.34 

9.39 

0.38 

17.29 

0.49 

17.20 

0. 55 

19.82 

0.57 

15.78 

0.60 

23. 47 

0.67 

20.88 

0.74 

21.49 

0.73 

26.89 

0.81 

27.08 

0.83 

30.29 

0.90 

25.15 

0.90 

I  Second- 
Rainfall  in   Per  cent   feet  per 
inches,    i  utilized.  •  sqaare 

!  mik. 


1879 

1880 

1881 

1882 

1883 

1884 

1885 

1886 

1887 

1888 

1889 

1890 

1891 

1892 

1898 

1894 

1895 

1896 


39.61 
40.76  I 
39.53  I 
39.83  I 
37.22  ! 


45.89 
36.85 
51.88 
45.66 
48.45 
56.54 
52.15 
89.18 
87.75 
89.62 
36.88 
85.64 
88.82 


I 


i 


38.40  , 
30.23  I 
29.42  ' 
30.73  I 
33.05  ' 

27.89  ! 
37.94  ' 
28.32  ' 
82.59 
33.19 
29.54 

88.90  ' 
44.82  ' 
24.53  ' 
26.27 
20.38 
28.  d8 
28.81 


o.f*: 

O.Jw 

o.s*«) 

0.91 
0.93 

i.u: 

1. 10 

l.b 

1.3l» 
!.?.» 

0.:: 

O.T^ 
0.7t> 
O.Sl 
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Generally  the  Brooklyn  waterworks  have  not  been  so  designed  as 
to  furnish  records  of  the  quantity  drawn  from  these  several  differ- 
ent sources.  There  are  also  no  records  of  the  heights  of  the  ground 
water  at  different  points  in  the  drainage  area.  If  such  were  to  be 
kept  for  a  series  of  years,  the  records  of  the  Brooklyn  waterworks 
would  possess  a  value  not  easily  estimated.  They  would  give  a  far 
more  positive  indication  of  the  amount  of  water  that  can  be  drawn 
from  such  sandy  areas  than  can  now  be  gained  from  them.  A  few 
tests,  however,  of  some  of  the  driven-well  plants  have  been  made  in 
the  last  few  years. 

At  a  test  of  the  old  driven-well  plant  at  Spring  Creek,  made  from 
October  22  to  November  20,  1894,  water  was  pumped  at  an  average 
rate  of  4,001,551  gallons  in  24  hours.  The  elevation  of  the  underside 
of  the  discharge  valve  of  the  pump  was  12.3  feet  above  datum.  On 
October  22,  at  the  beginning  of  the  tests,  the  average  elevation  of  the 
water  in  tlie  w^ells  was  4  feet  below  datum.  The  quantity  pumped  in 
24  hours,  on  October  22,  was  4,488,275  gallons.  On  November  20,  the 
date  of  the  conclusion  of  the  test,  the  elevation  of  water  in  wells  was 
7.7  feet  below  datum,  and  the  quantity  pumped  on  that  day  in  24 
hours  was  4,112,663  gallons.  The  total  quantity  pumped  during  the 
entire  period  from  October  22  to  November  20  was  122,746,525  gal- 
lons. The  taking  of  this  quantity  of  water  from  the  wells  resulted, 
therefore,  in  lowering  the  ground  water  a  total  of  3.7  feet. 

A  new  driven-well  plant  at  Watts  Pond  was  subjected  to  a  test  of 
capacity  extending  continuously  from  January  3  to  February  2, 
inclusive.  In  1895  a  rather  extended  series  of  tests  were  made  of  a 
number  of  the  wells  of  the  Brooklyn  water  supply  in  order  to  determine 
the  yield  as  well  as  the  extent  of  the  underground  supply.  The  fol- 
lowing particulars  of  these  tests  have  been  derived  from  Mr.  De 
Varona's  report,  as  contained  in  the  annual  report  of  the  commis- 
sioner of  city  works  for  the  year  1895.^ 

The  flowing  w^ells  at  Jameco  were  tested  from  January  3  to  14, 
inclusive.  During  this  period  the  wells  were  operated  singly  and  in 
groups  of  2,  3,  and  4,  in  all  possible  combinations,  and  observations 
were  taken  to  determine  the  elevation  of  the  ground  water.  Upon 
completion  of  the  tests  a  series  of  observations  w^as  taken,  extending 
to  January  30,  to  determine  the  normal  water  level.  The  results  of 
these  observations  may  be  found  in  detail  in  De  Varona's  report.  It 
was  shown  that  the  average  yield  from  one  well  alone  was  only 
1,000,000  gallons  daily,  decreasing  pro  rata  up  to  a  total  yield  of 
3,500,000  gallons  daily  when  four  wells  were  in  operation.  Tha lower- 
ing of  the  ground  water  was  approximately  5  feet  when  x)umping 
1,000,000  gallons,  increasing  up  to  approximately  10  feet  when  pump- 
ing at  the  full  capacity  developed  of  3,500,000  gallons.  In  this  con- 
nection it  is  stated  that  the  water  in  these  test  wells  is  found  to  rise 


1  For  a  fall  accoant  of  the  Brooklyn  waterworks  well  systems  see  De  Varona's  History,  etc. 
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and  fi^l  directly  with  the  tide,  thus  reDderiag  it  difficult  to  state  with 
accuracy  the  ftOl  effect  of  the  pumping  on  the  lowing  of  the  wster. 
To  determine  this  point  fully,  De  Yarona  states,  would  require  a  more 
prolonged  series  of  observations  than  it  was  possible  to  make  in  18d5. 

Another  test  was  made  at  Jameco  from  December  9  to  80, 1895, 
indusive.  Between  this  date  and  the  end  of  the  previous  teste  an 
additional  well  had  been  sunk  at  Jameco  to  the  depth  of  160  feet  ' 
The  average  daily  yield  shown  during  the  second  test  was,  approxi- 
mately, 1,000,000  giftllons  for  a  single  well,  with  a  proporti<mate  inerease 
for  each  well  connected,  the  yield  for  five  wells  being,  approximately, 
5,000,000  gallons  in  24  hours.  The  lowering  of  the  water  during  thoM 
tests  amounted  to  slightly  over  14  feet  at  Jameco  while  pumping  the  ] 
5,000,000  gallons  daily  from  the  five  wells.  The  total  amount  of  water 
pumped  during  the  test  was  61,239,555  gallons.  The  greatest  lower- 
ing of  the  underground  water  level  occurred  at  test  well  No.  8,  where 
it  amounted  to  15.23  feet.  At  that  time,  when  the  water  at  Jameco 
was  at  its  lowest  level,  the  fall  between  test  well  No.  8  and  test  well 
No.  11  was  9.9  feet.  The  normal  water  level  was  not  restored  until 
twelve  days  after  the  tests  had  ceased. 

The  results  obtained  early  in  1895  from  the  test  made  at  Jameeo 
of  supplies  from  deep  wells  seemed  to  warrant  further  investigatioiui 
as  to  the  possibility  of  water  from  deep  wells,  and  the  report  states  | 
that  they  have  been  carried  on  during  the  year.  A  series  of  test 
wells  were  driven,  extending  from  the  foot  of  the  hill  at  Ridgewood 
reservoir  to  Forest  Stream  pumping  station,  each  well  being  carried 
to  a  depth  sufficient  to  determine  the  possibility  of  obtaining  a  deep 
supply  from  that  point.  The  number  of  those  wells  sunk  during  that 
year  was  twelve,  and  the  records  of  the  strata  passed  through  are 
given  in  Bulletin  No.  138,  referred  to  in  the  footnote.^ 

Returning  to  the  table  on  page  194,  it  may  be  stated  that  the  triba-  j 
tary  drainage  area  in  1875,  the  first  year  for  which  statistics  are  given 
in  the  table,  was  52.3  square  miles.     The  drainage  area  remained  at 
this  figure  until  January,  1881,  in  which  month,  by  the  bringing  of  \ 
the  Springfield  pumping  station  into  use,  it  was  increased  to  59.4 
square  miles.     In  the  water  year  of  1875,  with  a  total  rainfall  of  41.6 ! 
inches,  the  water  utilized  amounted  to  10.78  inches,  or  to  an  average  I 
of  513,165  gallons  per  square  mile  per  day,  or  to  0.79  of  a  cubic  foot  J 
per  square  mile  per  second.     In  the  water  year  of  1880,  with  a  total  | 
rainfall  of  4:0.04  inches,  the  water  utilized  amounted  to  12.37  inches 
on  the  watershed,  or  to  587,568  gallons  per  square  mile  per  day,  or  to 
0.91  of  a  cubic  foot  per  square  mile  per  second.     In  1881 ,  with  a  rain- 
fall of  41.52  inches,  the  total  utilization  of  water  amounted  to  11.64 
inches  on  the  watershed,  or  to  554,473  gallons  per  square  mile  per  day, 
or  to  0.86  of  a  cubic  foot  per  square  mile  per  second.     This  drop  in 

*  For  the  particulars  of  the  geology  of  several  of  the  Brooklyn  waterworks  wells,  of  wbk^ 
tests  were  made  in  1805,  see  Artesian-well  prospects  in  the  Atlantic  coastal  plain  region,  by 
N.  H.  Darton:  Bull.  U.  S.  Geol.  Survey  No.  138, 1896,  pp.  23-37. 
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the  unit  of  utilization  merely  shows  the  effect  of  the  increase  in  the 
area  of  the  watershed. 

The  tributary  watershed  remained  at  59.4  squai'e  miles  until  August, 
1883,  in  which  month  the  Spring  Creek  and  Baisley's  driven-well  sta- 
tions were  started.  From  this  date  the  tributary  drainage  area  is 
taken  at  64.6  square  miles.  Spring  Creek  and  Baisley's  stations 
marked  the  beginning  of  the  Brooklyn  driven-well  system.  In  the 
water  year  of  1884,  with  a  total  rainfall  of  43.44  inches,  the  utilization 
was  12.53  inches,  amounting  to  594,992  gallons  per  square  mile  per 
day,  or  to  0.92  of  a  cubic  foot  per  square  mile  per  second. 

In  May,  1885,  the  Forest  Stream  and  Clear  Stream  driven-well 
stations  were  started,  thereby  increasing  the  tributary  drainage  area 
to  65.4  sqimre  miles.  In  the  water  year  of  1886,  with  a  total  rainfall 
of  50.43  inches,  the  water  utilized  amounted  to  14.40  inches,  equiv- 
alent t-o  685,521  gallons  per  square  mile  per  day,  or  to  1.06  cubic  feet 
per  square  mile  per  second. 

The  drainage  area  remained  65.4  square  miles  until  June,  1890, 
when  it  was  increased  to  65.6  square  miles  by  the  addition  of  the 
Janieco  Park  driven-well  station.  In  the  water  year  1891,  with  a 
total  rainfall  of  40.34  inches,  the  water  utilized  amounted  to  18.48 
inches  on  the  waterehed,  equivalent  to  879,811  gallons  per  square 
mile  per  day,  or  to  1.35  cubic  feet  per  square  mile  per  second. 

Large  extensions  of  the  works  were  made  in  1890  and  1891,  so  that 
with  the  beginning  of  pumping  at  Millburn  on  December  17, 1891,  the 
tributary  drainage  area  may  be  considered  as  increased  from  65.6  to 
154.1  square  miles,  an  increase  of  88.5  square  miles.  In  the  calendar 
year  1892,  with  a  rainfall  of  37.75  inches,  the  water  drawn  from  the 
original  watershed  of  65.6  square  miles  amounted  to  16.81  inches  on 
the  watershed,  equivalent  to  800,191  gallons  per  square  mile,  or  to 
1.24  cubic  feet  per  second  per  square  mile.  The  water  drawn  from 
the  new  watershed  of  88.5  square  miles  that  year  amounted  to  3.67 
inches  on  the  watershed,  equivalent  to  174,776  gallons  per  square  mile 
per  day,  or  to  0.27  of  a  cubic  foot  per  square  mile  per  second.  In 
1895,  with  a  total  rainfall  of  35.64  inches,  the  original  watershed  of 
65.6  square  miles  yielded  12.62  inches  on  the  watershed,  equivalent 
to  6(K),723  gallons  per  square  mile  per  day,  or  to  0.93  of  a  cubic  foot 
per  square  mile  per  second.  The  new  watershed  of  88.5  square  miles 
furnished  in  that  year  8.64  inches  on  the  watershed,  equivalent  to 
411,558  gallons  i)er  squai'e  mile  per  day,  or  to  0.64  of  a  cubic  foot  per 
square  mile  per  second. 

Summarizing  the  information  in  regard  to  the  water  yield  of  the 
sand  plains  of  Long  Island,  it  may  be  stated  that  the  available  data 
indicate  a  large  yield.  The  streams  of  eastern  New  York  can  not  be 
relied  upon  in  their  natural  condition  to  yield  more  than  about  0.3  of 
a  cubic  foot  per  square  mile  per  second,  while  with  an  ordinary 
development  of  storage  the  limit  may  be  w^waWy  ^«kfc^^  ^  Vtwsv^:\ 
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to  0.8  of  a  cubic  foot  per  square  mile  per  second,  or  at  any  rat«  at  not 
much  exceeding  1  foot  per  square  mile  per  second.  The  sand  deposits 
of  Long  Island  may,  therefore,  be  considered  as  great  natural  reser- 
voirs fi'om  which,  with  proper  development,  large  water  supplies  may 
be  drawn,  the  same  as  from  reservoirs  artificially  created  on  the 
earth's  surface,  these  natural  underground  reservoirs  x>ossessing  the 
advantage  of  furnishing  a  filtered  water  ot  high  purity. 
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